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S.  Jahanmir  and  M.  B.  Peterson 
Tribology  Group 

National  Institute  of  Standards  & Technology 
Gaithersburg,  MD  20899 


Abstract 


Preliminary  efforts  leading  to  the  development  of  a research- in- 
progress database  on  tribology  are  described.  The  database  contains  brief 
abstracts  of  current  tribology  research  being  conducted  by  industry, 
universities,  research  institutes  and  government  laboratories  based  on  a 
survey  of  active  researchers.  It  also  contains  information  on  the  types  of 
activities,  general  areas  of  interest,  program  objectives,  and  tribology 
applications.  The  database  can  be  used  to  evaluate  the  current  status  of 
research  and  development  activities  in  the  United  States.  The  survey 
results  suggest  that  there  is  a strong  interest  in  an  applied  research  in 
tribology,  and  that  the  level  of  basic  fundamental  research  is  extremely 
limited.  The  primary  program  objectives  cited  in  connection  with  the 
tribology  activities  include  long  life,  low  maintenance,  failure-free 
machinery,  fundamental  understanding,  and  materials  development  for 
improved  performance.  It  is  planned  to  expand  and  update  the  database  on  a 
regular  basis. 
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Introduction 


Tribology  encompasses  cross-disciplinary  research  and  practice  in 
materials,  lubricants,  and  component  and  system  design.  As  a result, 
tribology  research  findings  are  published  in  a wide  variety  of  specialized 
journals.  This  fact  coupled  with  the  diversity  of  tribology  data  makes  it 
difficult  for  researchers  and  engineers  who  work  in  different  fields  to 
locate  all  pertinent  information.  As  a result,  advances  in  tribology  have 
only  slowly  been  incorporated  into  engineering  practice. 

One  approach  to  reducing  this  problem  would  be  centralization  of 
tribological  information  in  a computerized  system  that  would  be  readily 
available.  Widespread  interest  in  this  type  of  approach  led  a number  of 
interested  persons  and  organizations  to  discuss  the  issues  in  a series  of 
technical  workshops  held  at  the  National  Institute  of  Standards  and 
Technology  (formerly  National  Bureau  of  Standards)  that  began  in  1985 
[1,2].  An  outcome  of  those  discussions  was  the  planning  and  establishment 
of  a computerized  tribology  information  system  (ACTIS)  [3-5].  The  system 
will  acquire  and  make  available  a variety  of  databases:  validated  numeric 
data,  design  calculations,  bibliographic  information,  research- in-progress , 
available  products  and  services,  and  electronic  mail  information.  Figure  1 
shows  schematically  the  six  database  components  that  comprise  the  total 
ACTIS  system.  These  database  components  are  described  in  Appendix  1. 

The  purpose  of  this  paper  is  to  describe  the  efforts  carried  out  in 
the  development  of  a research- in-progress  database.  A survey  form  was  sent 
to  7000  individuals  who  have  expressed  an  interest  in  tribology  by  joining 
a technical  society  or  attending  a meeting  on  the  subject.  The  information 
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Figure  1.  Structure  of  ACTIS,  indicating  the  database 
components . 
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was  compiled  using  a commercially  available  database  management  system  and 
the  results  were  analyzed.  This  information  will  be  added  at  a later  date 
to  the  ACTIS  system  as  research- in-progress  database.  When  completed  it 
will  contain  a comprehensive  set  of  abstracts  of  current  tribology  research 
being  conducted  by  industry,  universities,  research  institutes  and 
government  laboratories. 

Development  of  the  Database 

A sample  form  used  in  the  survey*  is  included  as  Appendix  2.  An 
attempt  was  made  to  seed  as  much  information  about  different  areas  of 
tribology  as  possible.  The  respondents  were  asked  to  supply  their  name, 
address,  affiliation  and  telephone  number  for  identification.  Since  many 
people  who  are  involved  in  tribology  do  not  consider  themselves 
tribologists  or  do  tribology  research  just  as  a short  assignment,  the 
respondents  were  asked  to  identify  their  main  area  of  activity,  if 
different  than  tribology.  Questions  were  asked  on  types  of  activities, 
general  areas  of  interest,  program  objectives,  applications  and  materials. 
The  second  page  of  the  questionnaire  requested  detailed  information  on 
current  research  projects  including  one  paragraph  outlining  research 
descriptions,  project  goals,  methods  of  approach,  summary  of  recent 
findings,  test  conditions  and  future  directions. 


*This  survey  was  conducted  by  the  Tribology  Program  of  the  National  Science 
Foundation. 
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The  mailing  list  consisted  of  approximately  7000  individuals;  this 
included:  Society  of  Tribologists  and  Lubrication  Engineers  members, 

American  Society  of  Mechanical  Engineers  members,  and  those  who  had 
indicated  that  tribology  is  their  first  or  second  technology  choice  in 
ASME,  American  Society  for  Testing  and  Materials  Wear  and  Erosion 
Committee,  American  Society  for  Metals  Wear  Resistant  Materials  Group,  and 
mailing  lists  consisting  of  attendees  of  recent  tribology  conferences. 

The  total  response  was  484.  This  may  seem  low;  but  considering  that 
only  a limited  number  of  the  7000  are  seriously  involved  in  tribology 
research  and  development  activities,  the  response  is  considered  reasonable 
and  representative  and  probably  represents  about  one-third  of  the  tribology 
research  and  development  community.  The  total  response  included  304  in 
industry,  100  in  university  and  20  in  government.  The  affiliation  of  60 
respondents  was  not  given  or  was  listed  as  "retired". 

Fifty- five  percent  of  the  respondents  indicated  that  tribology  is 
their  main  activity.  Manufacturing,  materials  development,  product  design, 
reliability,  mechanical  components  and  systems,  petroleum  products  and 
chemicals  were  among  the  main  activities  of  those  that  did  not  consider 
themselves  tribologists. 

The  information  received  on  the  survey  forms  was  computerized  using  an 
R-Base  5000  database  management  system.  The  database  structure  was 
formatted  similar  to  the  survey  form,  such  that  the  data  could  be  easily 
searched  according  to  each  survey  question.  Questions  included: 
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• type  of  activities 

• general  area  of  interest 

• program  objective 

• applications  and  materials 

• research  description 

• process  or  phenomenon  being  studied 

• variables  considered 

• lubrication  condition. 

This  database  structure  allows  searches  according  to  a logic-based 
relationship  among  the  questions.  The  search  results  can  be  sorted 
according  to  either  of  the  question  fields.  In  the  following  paragraphs 
some  examples  are  given  which  show  how  this  database  can  be  used. 

A.  Examples  of  Searches  Which  can  be  Conducted 

In  order  to  illustrate  the  usefulness  of  this  database  several 
questions  were  formulated  and  were  used  as  a basis  for  searching.  Since 
the  particular  database  management  system  used  allows  Boolean  logic 
searches,  i.e.,  according  to  combination  of  logic  statements,  one  can 
search  through  the  database  with  various  combinations  of  questions.  The 
following  examples  illustrate  responses  to  certain  questions: 
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1.  "Who  is  interested  in  research  and  development  on  metal-matrix  or 
polymer-matrix  composites  for  bushings?" 

Database  search  output  identified  twenty  people  interested  in 
metal-matrix  bushings  and  twenty  people  in  polymer-matrix 
bushings.  Analysis  of  the  data  reveals  the  area  of  interest,  and 
also  gives  name,  address  and  telephone  number  of  the  respondents. 

2.  "Who  is  involved  in  a research  and  development  activity  on  solid- 
lubricated  ceramic  rolling  element  bearings  for  high  temperature 
applications? " 

A total  of  five  projects  were  identified,  all  in  industry.  These 
projects  deal  with  rolling  contact  bearing  tests  for  critical 
applications,  self - lubricating  cage  materials,  silicon  nitride 
ceramic  materials,  high  temperature  lubrication  and  rolling 
contact  fatigue  mechanisms. 

3.  "Is  there  any  research  and  development  activity  on  ceramic 
materials  for  brakes?" 

Eighteen  respondents  were  identified  who  are  interested  in 
applied  research  on  this  topic;  several  are  interested  or  are 
involved  in  the  development  of  ceramic  brakes.  However,  the 
research  description  indicated  that  none  were  actually  working  on 
ceramic  materials  for  brakes.  Quite  often  it  was  found  that  the 
indicated  interest  was  different  than  the  actual  research  being 
conducted. 
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4.  "What  are  the  objectives  of  basic  research  projects  on  liquid 
lubricants?" 

Thirty- three  projects  were  identified  covering  many  different 
areas  in  lubricants.  These  projects  dealt  with  hydrodynamic  and 
EHD  lubrication,  lubricant  viscosity  analysis,  lubricant 
additives,  lubrication  of  ceramics,  oxidation  and  stability  of 
lubricants,  boundary  lubrication,  and  materials  processing 
lubricants . 

5.  "Is  anyone  studying  noise  in  rolling  contact  bearings?" 
Twenty-two  respondents  were  identified  as  being  interested,  three 
were  found  to  be  involved  in  a research  program  on  the  topic. 

6.  "Are  there  any  research  programs  which  study  the  structure  or 
composition  of  films  formed  during  liquid  lubrication?" 

Nineteen  projects  were  identified  dealing  with  lubrication  of 
ceramics,  magnetic  recording  devices,  diesel  engine,  spacecraft 
mechanisms , and  antiwear  additives . 

B . Current  Status  of  Tribology  Activities 

The  database  can  be  used  to  evaluate  the  status  of  tribology  research 
and  development  activities.  The  conclusions  that  follow  are  based  on  our 
analysis  of  the  survey  responses.  Although  the  total  number  of  responses, 
i.e.,  484,  may  be  too  small  for  accurate  statistical  analysis,  the  sample 
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is  large  enough  to  make  some  observations  on  the  trends  in  tribology 
research  and  development  in  the  U.S.  Figure  2 summarizes  the  response  to 
the  question  dealing  with  the  types  of  activities.  In  this  and  subsequent 
bar  charts  the  total  percent  response  is  larger  than  100.  This  is  because 
most  respondents  circled  more  than  one  answer.  Figure  2 shows  that  most 
respondents  are  involved  in  applied  research.  A review  of  the  work  being 
carried  out  under  "basic  research"  indicates  that  much  of  this  also  should 
be  called  "applied"  if  a rigorous  definition  of  the  term  is  used.  A 
majority  of  respondents  indicated  interest  in  friction  and  wear  (Figure  3). 
Lubricants,  boundary  lubrication  and  fluid  film  lubrication  are  also 
receiving  a substantial  amount  of  attention.  Other  areas  such  as 
tribomaterials  and  coatings,  failure  analysis  and  diagnostics, 
manufacturing  and  materials  processing,  and  physics  and  chemistry  of 
surfaces  were  found  to  be  of  great  interest. 

On  the  question  of  program  objectives  (Figure  4),  the  majority  of 
respondents  answered:  long  life,  low  maintenance,  failure  free  machinery, 
fundamental  understanding  and  material  development  for  improved 
performance.  Cost  effectiveness  also  seemed  to  be  one  of  the  driving 
forces  for  many  activities  in  tribology. 

Figure  5 summarizes  the  response  on  applications.  Sliding  contact  was 
the  primary  answer  followed  by  fluid  film  bearings,  rolling  element 
bearings  and  bushings.  There  is  also  much  interest  on  seals,  gears  and 
engines.  It  is  clear  from  Figure  5 that  essentially  every  component  and 
application  that  was  listed  on  the  questionnaire  is  being  studied.  Other 
applications  that  were  not  listed  on  the  questionnaire  comprised  of  20 
percent  of  the  response;  these  included:  rotating  machinery,  metal  forming 
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Figure  2.  Response  to  type  of  activities;  majority  of 

respondents  are  involved  in  applied  research. 
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Figure  3.  General  area  of  interest  of  respondents;  primary 

interest  consists  of  friction  and  wear,  lubricants, 
fluid  film  and  boundary  lubrication. 
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Figure  4.  Primary  program  objectives  are  long  life,  low 

maintenance,  failure  free  machinery,  fundamental 
understanding  and  materials  development  for 
improved  performance. 
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Figure  5.  Major  applications  of  interest  to  respondents  include 

sliding  contacts,  fluid  film,  bearings,  rolling  element 
bearings,  seals  and  gears. 
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and  cutting,  magnetic  recording,  orthopedic  implants,  electrical  contacts, 
and  tire-wheel  friction  and  wear.  The  trend  that  was  most  apparent  from 
the  study  is  that  tribology  is  being  driven  by  specific  needs  that  arise 
from  the  requirements  of  advanced  development  projects  rather  than  by 
systematic  advances  in  the  field. 

Almost  80  percent  of  the  respondents  indicated  that  metals  are  their 
material  of  primary  interest  (Figure  6).  Ceramics,  polymers  and  coatings, 
are  also  of  major  interest.  A large  number  are  working  or  interested  in 
fluid  lubricants,  as  well  as  solid  lubricants.  Other  materials  such  as 
greases,  additives,  carbons  and  elastometers  are  also  of  interest  in 
tribological  applications.  Analysis  of  the  experimental  conditions  used  in 
the  research  projects  indicated  that  most  of  the  important  variables  are 
being  studied  in  the  research  projects,  the  summary  of  the  results  are 
given  in  Figures  7 to  10. 

C . Analysis  of  Tribology  Research  Projects 

The  purpose  of  the  preceding  section  was  to  analyze  the  current 
interest  in  tribology.  The  second  page  of  the  questionnaire  requested 
descriptive  information  on  basic  and  applied  research  projects.  Fifty-one 
percent  of  the  respondents  submitted  descriptions  of  basic  and  applied 
research.*  In  order  to  determine  what  type  of  research  is  being  done  these 


*The  research  descriptions  that  were  submitted  are  reproduced  in  Appendix 
3. 
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Figure  6.  Metals  and  fluid  lubricants  are  of  primary  interest; 

but  ceramics,  polymers,  coatings  and  solid  lubricants 
are  also  of  interest. 
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Figure  7.  Most  important  tribological  phenomenon  or  processes 
are  being  studied. 
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Figure  8.  All  the  major  test  variables  are  considered  in 
the  research  programs. 
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Figure  9.  Sliding  motion  is  predominant  in  the  research 
projects . 
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Figure  10.  Most  research  projects  are  conducted  under  liquid 
lubrication. 
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descriptions  were  analyzed,  and  were  classified  as  development,  applied 
research  and  fundamental  research.  Approximately  46  percent  dealt  with 
research  that  is  focused  on  development,  i.e.,  the  outcome  in  6 months  or  a 
year  is  a particular  product  or  a component.  Approximately  29  percent 
dealt  with  applied  research  that  would  provide  solutions  to  current 
engineering  problems  to  be  implemented  in  about  2 to  3 years. 

Approximately,  24  percent  of  the  researchers  indicated  that  they  are 
working  on  fundamental  research,  i.e.,  research  which  advances  knowledge 
rather  than  being  directed  toward  specific  applications.  However,  an 
analysis  of  the  results  indicated  that  most  of  this  work  was  directed 
toward  making  incremental  advances.  Very  little  innovative  research  is 
being  conducted  that  would  introduce  new  ideas  or  approaches  to  the  field. 

In  a recent  symposium  at  the  National  Science  Foundation  the  future 
research  needs  in  tribology  were  discussed  by  twenty  distinguished 
tribologists  [6].  It  is  instructive  to  compare  major  recommendations  from 
that  symposium  with  the  assessment  of  the  research  projects  in  the  present 
survey.  The  major  recommendations  from  the  NSF  symposium  were  that 
research  should  focus  on:  predictive  models  for  friction  wear  and  failure, 
microscopic  and  chemical  aspects  of  lubrication,  mechanisms  and  methods  to 
prevent  wear  at  microscopic  levels,  and  materials  and  lubricants  for  high 
temperature  applications.  Analysis  of  research  descriptions  in  this 
database  revealed  many  examples  of  research  activities  or  interest  in 
materials  and  lubricants  for  high  temperature  applications,  but  the  level 
of  activity  or  interest  in  the  other  recommended  areas  was  not  strong. 

These  areas  are  extremely  important  and  there  is  a need  for  additional 
research.  For  example,  the  survey  did  not  indicate  much  development  work 
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on  predictive  models,  although  this  activity  has  been  the  subject  of 
several  meetings  and  workshops  in  the  past  2 to  3 years  [7,8], 

Another  observation  from  an  analysis  of  the  database  is  that  the 
universities  are  becoming  more  involved  in  applied  research.  This  may  be 
influenced  by  the  availability  of  research  funds  from  industry  and 
limitations  of  funds  from  the  federal  government.  Since  industry  is  more 
interested  in  advanced  development  and  applied  research  than  basic 
research,  the  direction  of  academic  research  is  being  changed. 

Conclusions 


1.  A useful  database  has  been  developed  which  has  potential  for 
program  planning,  for  avoiding  duplicate  research  projects,  for  monitoring 
research  trends,  and  for  identifying  experts  or  research  projects  in 
specific  areas.  To  be  of  continuing  value,  however,  the  database  must  be 
updated  on  a regular  basis.* 

2.  The  level  of  basic  research  in  advancing  the  frontiers  of 
knowledge  in  tribology  is  extremely  limited. 


* If  you  would  like  your  activities  included  please  fill  out  a copy  of  the 
questionnaire  listed  in  the  Appendix  2 and  return  it  to:  Mr.  Allan  B. 
Hughes,  Executive  Director,  ACTIS , Inc.,  1118  Highgate  Road,  Wilmington, 
Delaware  19808. 
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3.  Fundamental  research  is  being  directed  toward  understanding 
interface  phenomena,  but  there  are  few  efforts  directed  toward  developing 
predictive  models. 

4.  Critical  evaluation  of  the  survey  results  suggest  that  there  is  a 
strong  interest  in  applied  research  in  tribology  even  at  universities. 

5.  Primary  program  objectives  in  tribology  activities  are  long  life, 
low  maintenance,  failure  free  machinery,  fundamental  understanding  and 
materials  development  for  improved  performance. 

6.  There  is  very  little  research  being  carried  out  on  composite 
materials;  metals  are  of  primary  interest  for  tribological  application,  but 
ceramics,  polymers  and  coatings  are  being  seriously  considered. 
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Appendix  1 


Description  of  ACTIS  Database  Components 

The  NUMERIC  DATABASE  will  consist  of  critically  evaluated  numeric  data 
on  the  basic  properties  and  tribological  performance  of  materials, 
lubricants,  components,  and  systems.  A wide  range  of  tribological  data 
will  be  covered,  including  subjects  such  as  material  properties  and 
performance  data  of  tribocomponents  and  tribosystems . Data  in  each  of  the 
areas  will  be  critically  evaluated  by  tribology  experts  who  will  review, 
distill,  and  compile  a listing  of  evaluated  'best- judgment'  parameters  and 
properties  in  a standardized  format. 

The  DESIGN  DATABASE  will  consist  of  a selector  guide  for  materials, 
lubricants  and  components,  design  analysis  programs  for  tribocomponents  and 
tribosystems,  design  calculations  and  failure  diagnostics.  These  computer 
codes  will  be  accessed  through  an  expert  system  front-end  for  the  non- 
tribologist.  Some  of  the  codes  are  available  now  but  will  need  to  be 
examined  and  validated  prior  to  incorporation  into  ACTIS. 

The  NEWSLETTER  DATABASE  will  be  a communication  link.  It  will  consist 
of  electronic  mail  as  well  as  a hard  copy  newsletter.  The  newsletter 
database  will  serve  as  an  exchange  of  old  and  new  technical  information 
including  latest  research  results  in  tribology,  meeting  notices,  calls  for 
papers,  requests-for-proposal , new  products,  book  reviews,  and  summaries  of 
pertinent  technical  topics. 
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The  BIBLIOGRAPHIC  DATABASE  will  be  designed  so  that  tribologists , 
materials  scientists,  design  engineers,  librarians  and  other  information 
specialists,  and  students  can  search  bibliographic  references  to  the 
literature  through  a single  point  of  entry,  a so-called  "gateway".  This 
database  will  also  serve  the  needs  of  the  broad  industrial  community  so 
that  technology  transfer  can  be  more  readily  accomplished. 

The  RESEARCH- IN- PROGRESS  DATABASE  will  contain  abstracts  of  current, 
unpublished  tribology  research  being  conducted  by  government  laboratories, 
industry,  universities,  and  research  institutes.  The  initial  source  for 
this  database  is  described  in  this  paper. 

The  PRODUCT  AND  SERVICES  DIRECTORY  DATABASE  would  provide  a source  of 
commercially  available  tribology  products  and  related  services  most  often 
used  by  application,  maintenance,  design  engineers  and  purchasing  agents. 
The  database  will  contain  information  on  tribocomponents , tribosystems , 
materials,  and  lubricants,  as  well  as  available  services  such  as 
consultation  and  maintenance  services . 
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Appendix  2 


SURVEY  TO  ASSESS  THE  CURRENT  LEVEL  OF  TRIBOLOGY 
RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name:  Affiliation: 

Address: 

Telephone  Number: 

Is  Tribology  your  main  area  of  activity?  Yes  No 

If  NO,  please  identify  your  main  area  of  activity.  


(Please  Circle  All  Appropriate  Answers) 


TYPE  OF  ACTIVITIES 


APPLICATIONS 


1.  Basic  Research 

2.  Applied  Research 

3.  Design  and  Development 

4.  Research/Design  Supervision 

5.  Other  (Please  Specify) 


GENERAL  AREA  OF  INTEREST 

1.  Fluid  Film  Lubrication 

2.  Friction  and  Wear 

3.  Boundary  Lubrication 

4.  Physics  and  Chemistry  of  Surfaces 

5.  Lubricants  (Solids  or  Liquids) 

6.  Tribo-Materials  and  Coatings 

7.  Faiiure  Analysis  and  Diagnostics 

8.  Triboiogical  Components 

9.  Tribological  Systems 

10.  Manufacturing  and  Materials  Processing 

11.  Other  (Piease  Specify) 


1.  Fluid  Film  Bearing 

2.  Rolling  Bearing 

3.  Gas  Bearing 

4.  Bushing 

5.  Sliding  Contact 

6.  Rings 

7.  Spline 

6.  Coupling 
9.  Clutch 

10.  Valve 

11.  Tool/Die 

12.  Seals 

13.  Gears 

14.  Brakes 

15.  Brushes 

16.  Cams 

17.  Cables 

18.  Engine 

19.  Transmissions 

20.  Other  (Please  Specify) 


MATERIALS 


PROGRAM  OBJECTIVES 

1.  Long  Life,  Low  Maintenance  Failure  Free  Machinery 

2.  Fundamental  Understanding 

3.  High  Temperature  Lubrication 

4.  Materials  Development  tor  Improved  Performance 

5.  Design  Predictability 

6.  Energy  or  Materials  Conservation 

7.  Cost  Effectiveness 

8.  Quiet  Operation 

9.  Improved  Health 

10.  Other  (Please  Specify) 


1.  Metals 

2.  Ceramics 

3.  Polymer 

4.  Coatings 

5.  Polymer  Composites 

6.  Metal  Composites 

7.  Fluid  Lubricants 

8.  Solid  Lubricants 

9.  Hydraulic  Fluids 

10.  Greases 

11.  Additives 

12.  Carbons 

13.  Elastomers 

14.  Fuels 

15.  Other  (Please  Specify) 
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Appendix  2 (continued) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name:  Affiliation: 

Address: 

Telephone: 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  on  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

11.  Load  Capacity 

1. 

Sliding 

2.  Wear 

12.  Surface  Temperature 

2. 

Rolling 

3.  Lubrication 

13.  Contact  Stress 

3. 

Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4. 

Impact 

5.  Failure 

15.  Oil  Analysis 

5. 

Reciprocating 

6.  Fretting 

16.  Life 

6. 

Oscillating 

7.  Erosion 

17.  Filtration 

7. 

Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION. 

1.  Load/Pressure 

8.  Composition 

1. 

Unlubricated 

2.  Velocity 

9.  Structure 

2. 

Liquid  Lubrication 

3.  Temperature 

10.  Physical  Properties 

3. 

Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4. 

Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5. 

Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6. 

Other  (Please  Specify) 

7.  Finlsh/Lay 
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Appendix  3 


Descriptions  of  Research  Projects  Submitted 

The  research  descriptions  that  were  submitted  as  part  of  the  survey 
were  reproduced  directly  without  any  editorial  changes  to  preserve  the 
accuracy  of  the  contents.  These  are  arranged  in  the  alphabetical  order 
according  to  the  respondents  surname.  A small  number  of  the  research 
descriptions  contained  information  that  could  be  construed  as 
commercialism.  These  were  not  reproduced  in  the  appendix,  although  the 
information  was  used  to  determine  the  overall  research  directions  in 
tribology . 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Name; 

. . Northeastern  University, 
Address.  ^ 02115 

Telephone,  437-2982 


334  SN 


Affiliation: Professor  of  Mechanical  Engineering 


The  sliding  of  one  mechanical  element  ever  the  ‘.uifijce  of 
enother  t-eoult'S  in  high  contact,  stresses  and  temperature  fields 
which  can  lead  to  wear  or  even  to  fracture  of  une  of  the 
components.  These  phenomena  can  be  important  in  unlubricated 
sliding  contact  or  with  lubricated  sliding  surfaces  which  exhibit 
asperity  contact.  In  this  research  project,  the  stress  and 
temperature  fields  due  to  sliding  contact  will  be  determined  for 
various  two-  and  three-dimensional  geometries  which  include 
cracked  and  layered  media.  Although  the  uncoupled  theory  of 
thermoelasticity  will  be  utilized,  the  temperature  distribution 
does  depend  upon  the  stress  field  due  to  the  generation  of  heat  at 
the  sliding  interface.  The  solution  method  will  involve  the  use 
of  integral  transforms  which  will  be  aided  by  the  use  of  a 
symbolic  interpreter  language.  The  resulting  integral  equations 
will  be  solved  numerically  for  the  stress  and  temperature 
distributions.  This  will  lead  to  a better  understanding  of  the 
role  of  friction,  material  properties,  thermal  effects,  and  speed 
on  the  resulting  stress  distribution  and  on  the  associated 
phenomena  of  wear  and  fracture . 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

1 1 Load  Capacity 

Sliding 

2.  Wear 

Surface  Temperature 

^ Rolling 

3.  Lubrication 

Contact  Stress 

QjSlide/Roll 

4 Surlace  Damage 

T4.  Film  Formation 

4 Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16.  Lite 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9 Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

^£)composition 

^^Unlubricated 

Velocity 

9.  Structure 

2.  Liquid  Lubrication 

Temperature 

^rinPhysical  Properties 

3.  Gas  Lubrication 

4.  Environment 

1 1 . Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

Solid  Lubrication 

r*5^Geometrv 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

% 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE:  Damage  Sustained  by  a Rolling  Bearing  Due  to  a Combination  of 
Static  and  Cyclic  Loading  in  Cpmpression. 

Name:  Arthur  Akers  Affiliation:  lowa  State  University 


Address:  2106  ME/ESM  Bldg. 

Telephone:  (515)294-5782 


Experimental  work  is  being  performed  to  delineate  the  static  life  of  rolling  element 
bearings  used  in  dormant  or  semi  dormant  machinery  when  no  lubricant  is  being  supplied  to  the 
bearings.  Examples  of  such  dormant  or  semi  dormant  equipment  under  load  are  listed  below. 

a)  The  continuous  static  load  imposed  upon  wheel  and  transmission  bearings  pf  a parked  car  (due 
to  the  vehicle  weight  or  parking  area  incline  on  which  is  superimposed  a dynamic  load  as  a 
result  of  vibrations  caused  by  continuous  or  intermittent  traffic  in  the  vicinity. 

b)  Household  appliances  (these  devices  are  used  only  intermittently  and  the  lubricant  film 
is  rejuvenated  only  at  infrequent  intervals.) 

c)  Workshop  or  toolroom  machinery  lying  idle  between  work  shifts.  These  idle  periods  can  be 
up  to  16  hours  per  day,  and  in  a vibration  environment. 

d)  Toolroom  machinery  precision  attachments  such  as  dividing  heads  or  grinding  quills  which 
are  mounted  on  their  parent  machine  for  long  periods  without  being  used,  but  nevertheless 
exposed  all  the  time  to  the  vibrations  of  the  "parent  machine"  or  of  neighboring  machinery 
at  work. 

The  experimental  rig  has  been  designed  with  some  care  in  order  to  enable  loadings 
of  the  type  required  to  be  imposed. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1.  Friction 
(^Wear 

3 Lubrication 
Surface  Damage 
Failure 

Fretting 
rT  Erosion 

8.  Adhesion 

9.  Abrasion 

Fatigue 

Load  Capacity 

12.  Surface  Temperature 

Contact  Stress 
^4.  Film  Formation 

15  Oil  Analysis 
(1|)  Life 
iT  Filtration 

18.  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

Slide/Roll 

^^^Impact 

Reciprocating 

(^[^Oscillating 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

Velocity 

3.  Temperature 

4.  Environment 

6.  Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

8 Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

2^  Liquid  Lubrication 

3 Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

a4 

PROJECT  TITLE;  The  Formation  and  Execution  of  Predictive  Maintenance  Techniques  for 
Turbine  Journal  Bearings. 

Name'  Akers  Affilis  on;  lowa  State  University 

Address;  2106  ME/ESM  Bldg 
Telephone;  (515)294-5782 


Every  oil-lubricated  bearing  surface  generates  particles.  During  the  passage  of  time,  there 
is  usually  a pattern  of  change  in  five  properties  of  the  wear  particles.  Changes  in  these 
properties  are  described  below. 


1.  The  concentration  of  the  particles  within  the  oil  increases. 

2.  The  size  of  particles  increases  from  about  10  pm  up  to  50  pm  (or  larger). 

3.  The  type  of  particle  changes,  since  the  manner  in  which  particles  have  been  dislodged 
changes  (metal  can  be  removed  by  means  of  spalling,  fretting,  abrasion,  or  corrosion 
activity) . 

4.  The  composition  of  the  debris  changes,  and  the  bronze  or  parent  metal  become  present  in  the 
debris. 

5.  The  rate  of  debris  deposition  increases. 


At  the  point  where  abnormal,  unacceptable  wear  occurs,  the  wear-particle  concentration- 
increase  rate  may  increase  by  an  order  or  more,  and  the  particle  size  will  increase  suddenly  by 
the  amount  indicated  in  change  two  above.  Predictive  maintenance  is  to  be  performed  on  the 
turbine  journal  bearings  used  in  the  physical  plant  of  ISU.  It  is  proposed  to  provide  means  of 
sampling  oil  feed  and  drain  lines  so  that  the  debris  content  can  be  evaluated  by  means  of  a 
DR  II  Ferrograph  particle  counter  (planned  for  purchase.)  As  a direct  result  of  the  work  it 
should  be  possible  to  establish  a wear  data  base  for  each  bearing.  This  data  base  will  be 
an  important  diagnostic  tool  for  determining  when  maintenance,  replacement  or  bearing  re-design 
should  be  performed.  Additional  thermometry  will  be  installed  to  determine  the  relationship 
between  the  statistically  established  "wear  base"  and  bearing  temperature  history. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

1.  Friction 

2.  Wear 

Lubrication 

Q^Surlace  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8 Adhesion 

Abrasion 

10.  Fatigue 

11  Load  Capacity 
flzQSurface  Temperature 

13  Contact  Stress 

14^  Film  Formation 
ns)  Oil  Analysis 

Filtration 

18.  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 

Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

Ta  Velocity 

Temperature 

Environment 

5.  Dist/Time/Amp 

6 Geometry 

7 Finish/Lay 

8 Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 

C*^Liquid  Lubrication 
ly  Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

V 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


Z)  PROJECT  TITLE: 


Tribology  of  Axial  Piston  Port  Plates. 


Name’  Arthur  Akers 
Address:  2106  ME/ESM  Bldg. 

Telephone: 


(515)294-5782 


Affiliation;  lowa  State  University 


Previous  investigations  by  the  above  Investigator  into  the  mathematical  modeling  of  an  axial 
piston  pump  showed  that  the  leakage  flow  between  bearing  and  port  plates  and  end  casing  increasec 
as  s"^quare  of  the  pump  outlet  pressure(l).  This  behavior  is  inconsistent  both  with  the 
properties  of  flow  through  an  orifice  with  significant  inertia  (Q  propl  to  JT)  and  with  flow 
that  is  purely  viscous  (Q  prop  to  P) . A visit  to  a pump  manufacturer  revealed  that  the  areas 
of  the  lands  on  the  plates  and  their  configuration  were  determined  by  a self-imposed  design  re- 
quirement that  the  plates  have  a clamping  force  as  a delivery  pressure  increases. 


The  leakage  is  being  investigated  since  optimization  of  the  plate  geometry  should  result. 
This  optimization  will  take  place  with  respect  to  minimum  friction,  maximum  wear,  and  minimum 
leakage.  Minimum  leakage  results,  of  course,  in  maximum  pump  volumetric  efficiency.  The 
work  will  entail  modeling  of  the  flow  mechanics  by  the  use  of  finite  elements. 

1.  Zeiger,  G. , and  A.  Akers,  "Torque  on  the  swashplate  of  an  axial  piston  pump,"  £.  Dyn. 

Sys.  Meas.  Control,  107 (3) : 220-226  (1985). 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

2 Wear 

Lubrication 
Surface  Damage 

5.  Failure 

6 Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10.  Fatigue 

/vQ  Load  Capacity 
'^2.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

(^Sliding 

2 Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

Velocity 

Temperature 

Environment 

5^  Dist/Time/Amp 
Geometry 

7.  Finish/Lay 

8 Composition 

9,^  Structure 

/"To!)  Physical  Properties 

11.  Thermal  Properties 

12  Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 
f^^Liquid  Lubrication 
^ Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Tribological  Conditions  in  a Piston  and  Cylinder  System  of  an  Axial 
Piston  Motor. 

Name;  Arthur  Akers  Affiliation;  Iowa  State  University 

Address'  ME/ESM  Building 

Telephone;  (515)294-5182 


The  objective  of  this  project  is  to  investigate  one  of  the  tribological  aspects  of  the  oper. 
tion  of  axial  piston  motors.  Thus  the  lubrication  mechanism  of  the  piston  cylinder  bore 
clearance  is  to  be  analyzed.  The  effects  of  the  piston’s  reciprocating  and  rotational  motion  upoi 
the  pressures,  clearances , and" flow  rates  over  the  developed  piston  surface  will  be  examined. 

Then  the  appropriate  values  of  the  wear  criterion  pV  will  be  determined  and  an  investigation  will 
follow  as  to  how  changes  in  geometry  will  affect  this  wear  criterion  (and,  implicitly  how  they 
will  affect  the  wear  rate.)  In  order  to  do  this,  the  tribological  conditions  of  the  clearances 
between  an  individual  piston  and  its  respective  cylinder  bore  of  an  axial  piston  motor  will  be 
described.  The  mechanical  loads  imposed  on  an  individual  piston,  due  to  the  operation  of  the 
motor,  will  be  calculated  and  shown  to  put  the  piston  into  a tilted  configuration  with  respect 
to  the  cylinder  bore.  The  components  of  the  total  lubricated  mechanism  present  in  the  piston 
and  cylinder  clearances  will  be  described  and  analyzed.  Changes  in  values  of  clearance,  flow 
and  pressure  due  to  changes  in  geometry  will  also  be  investigated  in  order  to  provide  data  banks 
for  axial  piston  motor  design.  By  understanding  the  factors  that  determine  wear  rates  of  these 
motors,  it  is  hoped  that  the  designer  can  modify  the  motors  and  hence  make  an  already  useful 
mechanism  even  more  versatile  and  dependable. 


The  form  of  the  Reynolds  equation  which  has  been  developed  for  this  project  will  enable 
other  similar  complex  configurations  to  be  analyzed. 

As  a final  part  of  the  project  it  is  envisioned  that  experimental  work  will  be  performed 
in  order  to  guide  and  complete  the  solutions  to  the  Reynolds  equation  used  for  different 
configurations. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION: 


Friction 
Wear 

Lubrication 
Surface  Damage 
Failure 
6 Fretting 

7.  Erosion 

8.  Adhesion 
Abrasion 
Fatigue 


© Load  Capacity 
12.  Surface  Temperature 
Contact  Stress 
1?.  Film  Formation 

#Oil  Analysis 
Life 

Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


I Sliding 
I Rolling 
Slide/Roll 
Impact 

(Reciprocating 
(Oscillating 
Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


LUBRICATION: 


M J Load/Pressure 
Qj  Velocity 
Temperature 
Environment 
i^Dist/Time/Amp 
(^S^eometry 
Finish/Lay 


8.  Composition 

9.  Structure 

10  Physical  Properties 
1 1 . Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


1.  Unlubricated 
Q>  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Magnetic  Bearings  For  Rotoating  Machinery 

Name;  Dr.  Paul  E.  Allaire  Affiliation.  Universtiy  of  Virginia 

Address:  Mechanical  Engineering  Dept.,  University  of  Virginia 
Telephone:  (804)-977-4468 


Magnetic  bearings  are  beginning  to  come  into  industrial  use 
fgr  compressors,  pumps,  turbines,  aircraft  engines  and  other 
rotating  machines.  Our- research  group  has  designed,  built,  tested, 
and  analyzed  magnetic  bearings  in  our  laboratory.  A four  magnet 
bearing  has  been  run  in  a flexible  rotor  up  to  10,000  rpm  over  three 
critical  speeds,  A method  of  analysis  for  these  bearings  ahs  been 
developed  which  gives  critical  speed  predictions  to  within  5%  in  the 
vertical  direction.  Currently  magnetic  bearings  are  being  installed 
in  a canned  pump  to  increase  bearing  relability  over  that  with  conventional 
sleeve  bearings.  A digitally  controlled  magnetic  bearing  has  also 
been  developed  and  tested.  Our  gaols  include  future  development  of 
low  cost  magnetic  bearings  for  a wide  range  of  applications  and 
advanced  design  of  magnetic  bearings  for  aircraft  and  compressor  applications. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

(^/  Load  Capacity 

^ Sliding 

i Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

Ul  Contact  Stress 

3 Slide/Roll 

4.  Suriace  Damage 

Film  Formation 

4.  Impact 

5.  Failure 

10.  Oil  Analysis 

^ Reciprocating 

6 Fretting 

16.  Lite 

^ Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

^ Noise 

9 Abrasion 

^ Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

W Load/Pressure 

8 Composition 

^ Unlubricated 

2 Velocity 

9.  Structure 

Liquid  Lubrication 

3.  Temperature 

10.  Physical  Properties 

1^  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

V.  Grease  Lubrication 

^ Dist/Time/Amp 

12.  Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Scy  a Z €_  A 7/^ 

Name:  U/  //^  Affiliation: 

Address:  (Icttf'F  J (rAt>.  Ckt'cc 

Telephone:  efS  ^383 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

2jWear 

^Aubfication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 

10.  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 
/TSpContact  Stress 

Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 
/^^l^scillating 
^■TTother  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

0 .^oad/Pressure 
(^ifelocity 

3.  Temperature 

4 Environment 
(^’s’^ist/Time/Amp 
'^-tt^eometry 
misty /Lay 

8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemicai  Properties 

13.  Other  (Please  Specify) 

V^nlubricated 

C2M^Quid  Lub'ication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  ail  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

>ROJECT  TlTLEr^  ^ y,  /r>j/  /9  ^ 

n C/n>ies  Ca  , 

Name:  Affiliation:  ^ 

M6xQSS\^Pc/f^//^£>^S  Co  C^o 

Telephone: 


' As 


A^/^iTo  fO  Of  A/?q  L^rrii 

<^/Lc  ouHrro  >0  /Z£:s  uH^ » 


/A^t7ti)0s 


/AJO  /K>0^ 


AST'^  SZA^'tO  A^£r?7ri>ps 

4 

/AJ  ^ 

Al/^/c/a  /0€i^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

Jl.-1'riction  , 11.  Load  Capacity 

Surface  Temperature 

\ Z.  Lubrication  13.  Contact  Stress 

^^,'Surface  Damage  M^ilm  Formation 

Failure  >tr  Oil  Analysis 

6.  Fretting  16.  Life 

7.  Erosion  Filtration 

6.  Adhesion  18.  Noise 

9.  Abrasion  19.  Leakage 

10.  Fatigue  20.  Other  (Please  Specify) 

TYPE  OF  MOTION: 

^X^liding 

Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

-L.  VO  T>  • rt  r 

VARIABLES  CONSIDERED: 

' "'  y- 

LUBRICATION: 

^ l.'Xoad/Preasure 

8.  Composition 

1^  Unlubricated 

Liquid  Lubrication 

.2.  Velocity 

9.  Structure 

..ra:' Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

S.  Dist/Time/Amp 

yt:  Chemical  Properties 

S.  Solid  Lubrication 

6.  Geometry 

7.  Finish/Lay 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 
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DESCRIPTIO>i  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE"  /o  Cr/^ 

Name:  ^/m4£J  Affiliation;  /JPo/jf^  Co  ^ 

Address;  /fDo/p// Cc.  (1s^/oeaJ>  Co,  ^0¥o/ 

Telephone:  3oS  .^71 


^ ’ ^e<L^e  C<:>>hs  Cp'Vv  TX"Cu/0  7C'ire>>^  '^'Oc>c^SS 

•^OX*  ^vz>ci<.tc Cll2k.vrvs_ 

P(5iL 'j)  v'O  c<>  ^ 5 

V'eA^ccV'z>K  oF  IiaWca-J!:  C^W 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


TYPE  OF  MOTION: 


l--^riction 

a^p/Vear 

Lubrication 
^(^urlace  Damage 
Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
10.  Fatigue 


1 1 . Load  Capacity 

Surtace  Temperature 
13.  Contact  Stress 
^,^4^ilm  Formation 
><r  Oil  Analysis 
16.  Life 
^yT  Filtration 
16.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


'>l<^liding 
yr.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Osciliating 

7.  Other  (Please  Specify) 

L^YI^cO  • 

^iLrOvi.  n ( 


VARIABLES  CONSIDERED: 


LUBRICATION: 


^XLoad/Pressure 
^ Velocity 
Temperature 

4.  Environment 

5.  Dist/Time/Amp 
6 Geometry 

7.  Finish/Lay 


8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 
Chemical  Properties 

13.  Other  (Please  Specify) 


1^  Unlubricated 
Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 


« 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  Taylan  Altan  Affiliation.  Ohio  State  University 

Address;  ERC  for  Net  Shape  Mfg.,  1971  Neil  Ave.,  Columbus,  OH  43210 
Telephone;  614/292-5063 

Project  Title:  Investigation  of  Die  Wear  in  Metalforming 


The  goals  of  this  study  are  to  understand  and  predict  the  quantitative  relationships 
between  major  process  variables  and  abrasive  die  wear  in  cold  and  hot  foirming 
processes  such  as  upset  forging  and  extrusion. 

For  given  die  and  workpiece  materials  and  process  conditions  (deformation  speed, 
temperatures,  lubrication,  etc.),  the  approach  is  to  predict  the  temperatures, 
stresses,  velocities,  and  the  total  amount  of  material  displacement  at  Various 
locations  at  the  die  material  interface.  For  this  purpose  the  FEM  based  code  ALPID 
(Analysis  of  Large  Plastic  Incremental  Deformation)  is  used.  These  predicted  details 
of  process  conditions  are  then  compared  with  experimental  die  wear  data  in  order  to 
establish  a statistical  relationship  between  measured  wear  and  process  variables. 

So  far  in  our  study,  this  methodology  has  been  applied  in  cold,  warm  and  hot 
upsetting,  with  some  success.  Other  researchers  conducted  similar  investigations 
in  hot  forging.  Our  work  will  be  expanded  to  forging,  extrusion,  and  other  forming 
processes . 

m 

Other  participants:  Dr.  Amit  Bagch^  Assistant  Professor,  and  Mr.  Omer  Vardan, 
Graduate  Student. 

• I 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

0 Friction 

Load  Capacity 

Sliding 

© Wear 

12.  Surface  Temperature 

Rolling 

3.  Lubrication 

13.  Contact  Stress 

3 Slide/Roll 

4 Surface  Damage 

14  Film  Formation 

4 Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

lubrication 

Load/Pressure 

Composition 

1.  Unlubricated 

q)  Velocity 

Structure 

2 Liquid  Lubrication 

Temperature 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

^1l)  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

T2  Chemical  Properties 

^)  Solid  Lubrication 

Geometry 

13.  Other  (Please  Specify) 

Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  Affiliation;  t' T A ^ ^ Z 

Address;  'Z.r  3;^/^  1:  r^(  ^f<s  ^7^^/ 

Telephone;  3 ^ ^ C f Z' 


^ ^ X- ^ >'A1  /It.  S -f-fi  ^ 

J / ptK.  ‘<X"Z‘<x5»Vx  ^ C ^ ^ r"  s £. 


f /t, 

a:  f/s 
C ee  Z" / 
f:<l/  ^//  fy  ^ /s  /a 


T'  r'A  M-K^  A<*  Xjf/^  ^ ^/y/f^yz>A^y 

^ ^ ^ ‘f’  A / / f ^ -^-e  ' 

C^rrfK*/^  J^  J, y 


A j ^ W'  w ^ ^ 

^ ^ ^ ^ f e ^ A’  ' 


I r7s’^/t 


^ -C 


:f  y J f -/- 


^ J»C  >• 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1 Friction 

11.  Load  Capacity 

1.  Sliding 

0 Wear 

12.  Surface  Temperature 

^ Rolling 

Lubrication 

13.  Contact  Stress 

U\  Shde/Roll 

^ Surface  Damage 

JA  Film  Formation 

/^Impact 

(y  Failure 

Oil  Analysis 

[y  Reciprocating 

6 Fretting 

16,^  Life 

6 Oscillating 

7.  Erosion 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION: 

1.  Load/Pressure 

8 Composition 

1 Unlubricated 

2 Velocity 

9 Structure 

0A  Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

j.  Gas  Lubrication 

4 Environment 

IK  Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 

1 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE: 


Name;  Arnold  Anderson  Affiliation. 

Address:  11314  Mayfield,  Livonia,  MI  48150 

Telephone:  (313)  337-5059 


ft  ph  1^/  / / A ^ 


Ford  Motor  Co. 
Engg  & Mfg.  Staff 


^ ^ / nSTPu  ULLOp/'-'JZi'y'T 


MA-rc^ivic^ 

X?) ^ T f ^ j ^ ^ 1 >4  ! PL  L-t  WCLP 

c.t(AFP^'rcPi^4\  T/C)>v  -ri^< 


« 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


(T?  Friction 
Wear 

3.  Lubrication 

4.  Surtace  Damage 
^5?  Failure 

6.  Fretting 
T Erosion 
CS  Adhesion 
^ Abrasion 
^ Fatigue 


^Load  Capacity 
) Surface  Temperature 
I Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
* Noise 
Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

^rPsiiding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressure 

Velocity 

temperature 

nvironment 

Dist/Time/Amp 

Geometry 

iFinish/Lay 


> Composition 
) Structure 
' Physical  Properties 
It  t^^  Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


LUBRICATION: 

Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 


42 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a Prief  summary  of  project  goals,  methods  of  approactT 

recent  findings  and  future  directions.  ^ 


PROJECT  TITLE; 

Name: 

Address: 


•CR,  MORTOf«  ANTir-Pi 
•A.T.aT.  SoIj.  L^.X.-r^ATCrrluS 
r,:-.~:AO  37:miT 
Ci-t'Q  ^2213 


Affiliation: 


Telephone:  (ei4)  8dc-34C3 


jUrfU^ 

'’JLt  ^ ^ UnXL^  ‘'pj.  J 

/-W 

^ JU.^  Wu,  r^r  > , 

w jLtJTArM::^.  MMU  ^ zA.  ^ 

XrA^  <.K  c-v.z.4^ 

rTy^  L^  frtZ^  A/C^  -e— < 4^!tn^i 

LftiUeA-  ^tvttvr>J  \ 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 

Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
’ Adhesion 
Abrasion 
Fatigue 


(SJ)  Load  Capacity 
12.  Surface  Temperature 
1;^  Contact  Stress 
0^  Film  Formation 
15.  Oil  Analysis 
(^  Life 

17.  Filtration 

18.  Noise 
Leakage 


Other  (Please  Specify)  i 

Z.  IcctA^ 


VARIABLES  CONSIDERED; 


0)  Load/Pressure 
® Velocity 
3.  Temperature 

t Environment 
Dist/Time/Amp 
Geometry 
Finish/Lay 


^0  Composition 
^ Structure 

Physical  Properties 
II.  Thermal  Properties 
Chemical  Properties 
(j_^0ther  (Please  Specify) 
S’  lAoCfuJ 


TYPE  OF  MOTION: 

(l^Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

© Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

^ Unlubricated 

Liquid  Lubrication 
Gas  Lubrication 
' Grease  Lubrication 
Solid  Lubrication 
> Other  (Please  Soecify) 

a/ \>cv>'^^h  nci  fjr  a ')  • 

^r*ULI 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  John  P.  Arena,  P.E.  Affiliation; 

Ariflre<;s-  Dovmsville,  LA  71234 
Telephone:  (318)  644-2246 


The  object  of  this  investigation  has  been  to  find  a working 
math  model  for  dynamic  face  seals. 

Tests  were  conducted  to  obtain  data.  The  data  showed  the 
following : 

1.  A change  in  the  closing  force  at  constant  pressure, 
temperature  and  RPM,  resulted  in  a change  in  the  leakrate, 
film  thicknesss  and  torque. 

2.  A change  in  the  pressure  gradient  while  maintaining 
constant  closing  force,  temperature  and  RPM  resulted  in  a 
change  in  the  leakratQ^,  film  thickness  and  torque. 

3.  A change  in  RPM  at  constant  closing  force,  pressure  and 
temperature  resulted  in  a change  in  the  leakrate,  film 
thickness  and  torque. 

The  future  direction  requires  the  development  of  a math  model 
that  relates  the  variables  as  was  noted  in  actual  tests,  present 
math  models  do  not  do  this.  In  fact  you  will  have  a difficult  time 
locating  technical  papers  with  data  sets  as  noted  above.  This  is 
a necessary  requirement  to  prove  the  validity  of  the  math  model. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

/^Friction 

Load  Capacity 

Sliding 

^Wear 

T?  Surface  Temperature 

It  Rolling 

(^Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6 Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

6.  Adhesion 

16.  Noise 

9.  Abrasion 

Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

6 Composition 

1.  Unlubricated 

(I^Velocity 

9.  Structure 

Liquid  Lubrication 

emperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

1 1 . Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Study  of  Tribological  Coatings  and  Their  Mechanisms  of  Formation 

Name;  Dr.  Franco  Arezzo  Affiliation:  Singer-Kearfott  Division 

Address.  1^50  m,-  Bride  Ave.,  Little  Falls,  N.  J.  07424 
Telephone; 

201)  785-2547 


The  goal  of  our  studies  is  to  reach  a basic  understanding  of  the  mechanisms 
of  tncresyl  phosphate  (TCP)  and  ot  her  addi  t i vet  in  producing  desirable  tribologica 
coatings  under  boundary  lubrication  conditions.  The  interactions  of  TCP  with 
steel  surfaces  have  been  studied  using  electron  spectroscopy  for  chemical  analysis 
(ESCA)  and  microoxidation  methods.  Recent  results  showed  that  it  is  possible 
under  certain  experimental  conditions  to  produce  a useful  phosphate  coating. 

The  mechanisms  of  TCP  dissolved  in  hydrocarbon  oil  are  being  clarified.  Pre- 
liminary experiments  show  that  the  resultant  coating  is  quite  different  from  that 
of  the  TCP. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION; 


Surtace  ^magQ 

Failure 

Frettinc 


7. 

8. 
9 

10 


Erosion 

Adhesion 

Abrasion 

Fatigue 


Load  CapacitylP 
12.  Surtace  Temperature 
13  Contact  Stress 
dL4  Film  Formati'ort'^i 

15  Oil  Analysis 

16  Life 

17.  Filtration 
18  Noise 
19.  Leakage 

20  Other  (Please  Specify) 


''Sliding^ 

Holiincpy 

3.  Slide/Roll 

4.  Impact 

5 Reciprocating 
<E  dscillatmgT) 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


LUBRICATION; 


1.  Load/Pressure 
2 Velocity 


Temperaturg> 

nvironrhenp 


5.  Dist/Time/Amp 
6 Geometry 
7.  Finish/Lay 


Compositiap> 

Structure.^ 

Physical  Propertiej 

~[permai  h-rooeTti^ 
Chemical  Properties^ 
(Diner  (Please  Specifyi) 
—Reaction  Kirret 


ICS 


1 Unlubricated 
(%  Liquid  LubricatiorT) 

3 Gas  Lubrication 
4.  Grease  Lubrication 
5 Solid  Lubrication 
\ 6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  INVESTIGATION  OF  WEAR  MECHANISMS  OF  PSZ  AT  HIGH 
TEMPERATURES  AND  EXHAUST  GAS  ENVIRONMENT 

Name;  Dr.  V.  Aronov  Affiliation;  Illinois  Institute  of  Technology 

Address;  10  W.  32nd  Street 
Telephone; (012)  567-3181 


This  research  was  devoted  to  an  investigation  of  the  wear 
mechanisms  of  magnesia  and  yttria  partially-stabilized  zirconia  in  ceramic/ 
ceramic  and  ceramic/metal  sliding-contact  tribological  systems  at  high 
temperature.  Scanning  electron  microscope,  optical  microscope  and  X-ray 
dispersion  and  defraction  analyses  were  used  for  identification  of  wear 
mechanisms.  Surface  geometry  and  morphology  and  wear  were  determined 
as  functions  of  sliding  distance,  nominal  contact  pressure,  sliding 
speed  and  mechanical  properties  of  the  specimens  (hardness  and  fracture 
toughness) . It  was  found  that  the  wear  of  ceramics  rubbed  against  ceramics 
at  room  temperature  may  be  attributed  to  intensive  plastic  deformation 
of  surfaces  resulting  in  low  cycle  fatigue.  The  wear  mechanism  of  ceramics 
rubbed  against  metals  was  by  polishing  and  surface  fracture,  while  that 
of  metals  was  adhesive  transfer  of  material  on  to  ceramic  surfaces.  Wear 
rates  were  independent  of  the  mechanical  properties  of  metallic  samples. 

Experimental  investigation  of  the  wear  behavior  of  magnesia  partially- 
stabilized  zirconia  rubbed  against  itself  showed  that  up  to  three  orders  of 
magnitude  increase  in  wear  resistance  can  be  achieved  in  a particular  tempera- 
ture range,  depending  on  both  sliding  speed  and  the  ambient  temperature.  XRD 
analysis  revealed  that  a thermally-induced  phase  transformation  takes  place 
on  the  frictional  interface.  Surface  analysis  showed  that  wear  rates  at 
maximum  wear  resistance  are  controlled  by  the  crack  generation  kinetics 
rather  than  by  crack  propagation  kinetics. 

(continued  on  attached  page) 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

1.  Friction 

11.  Load  Capacity 

1. 

Sliding 

2 Wear 

12.  Surface  Temperature 

2 

Rolling 

3.  Lubrication 

13.  Contact  Stress 

3 

Slide/Roll 

4 Surface  Damage 

14.  Film  Formation 

4. 

Impact 

5.  Failure 

15.  Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16  Life 

6 

Oscillating 

7.  Erosion 

17.  Filtration 

7. 

Other  (Please  Specify) 

6 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1.  Load/Pressure 

6 Composition 

1. 

Unlubricated 

2 Velocity 

9 Structure 

2 

Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 

Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7.  Finish/Lay 
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A phenomenological  model  is  presented  that  provides  an  explanation 
for  the  wear-temperature  behavior  of  Mg-PSZ.  The  model  is  based  on  the 
following  chain  of  events  that  takes  place  on  the  frictional  interface: 
spatial  overheating  of  the  surface  areas,  phase  transformation  of  the  over- 
heated areas,  cooling,  volume  expansion,  and  development  of  a compressive 
stress  field  in  the  near  surface  layers. 

The  wear  rate  of  yttria  partially-stabilized  zirconia  was  con- 
trolled by  fracture  at  all  temperatures  investigated. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE.  Wear  resistance  of  the  Dynamically  Loaded  Boundary 
lubricated  Sliding  Cont^c.ts. 

Name;  v.  Aronov  Attiliation.  minois  Institute  of 

Address;  lo  w.  32nd  Street  Technology 

Telephone.  (312)  567-3211 


This  research  is  devoted  to  an  experimental  and  theoretical 
investigation  of  wear  of  steel  under  forced  oscillations  of 
applied  load  in  boundary  lubricated  sliding  contact. 

In  theoretical  analysis,  the  main  concepts  of  the  wear  model 
based  on  asperity  interactions,  developed  by  Hailing  and  modified 
by  Finkin,  were  incorporated.  To  explain  effects  of  the  dynamic 
loading  on  wear  of  metals.  Miner's  theory  was  employed  to  account 
for  a cumulative  damage  in  the  dynamically  loaded  sliding  contact. 

A special  pin-on-disk  type  wear  apparatus,  which  enabled  con- 
tinuous control  of  the  dynamic  loading  parameters,  has  been  used 
in  the  experimental  investigation.  Wear  rates  and  surface  rough- 
ness were  measured  for  various  combinations  of  static  and  dynamic 
loading  parameters.  A wear  equation  which  related  wear  to  the 
parameters  of  dynamic  loading  (mean  load,  amplitude  and  frequency 
of  the  load  oscillation  and  sliding  velocity)  has  been  derived. 

It  has  been  shown  both  by  experimental  investigation  and 
theoretical  analysis  that  wear  is  an  increasing  function  of  the 
mean  value  of  the  applied  load,  amplitude  of  the  load  oscillation 
and  ratio  of  frequency  of  load  oscillation  to  the  sliding  velocity. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1.  Friction 

11. 

Load  Capacity 

1.  Sliding 

2.  Wear 

12. 

Surface  Temperature 

2 Rolling 

3.  Lubrication 

13. 

Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14. 

Film  Formation 

4 Impact 

5.  Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16 

Life 

6.  Oscillating 

7.  Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10.  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

1.  Load/Pressure 

8 

Composition 

1 Unlubricated 

2.  Velocity 

9 

Structure 

2 Liquid  Lubrication 

3 Temperature 

10. 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Analytical  Study  of  Tool  Wear  in  Machining 

Name;  A.  Bagchi  Affiliation;  The  Ohio  State  University 

Address;  Ind.  Engr.  Dept.,  1971  Neil  Ave.,  Columbus,  OH  43210-1271 
Telephone;  292-4565 

A complete  understanding  of  the  machining  process  and  cutting  tool  wear  requires  a syn- 
thesis of  both  analytical  and  experimental  studies  of  the  mechanics  of  deformation  and  chip 
flow,  tool  and  work  material  properties  and  interfacial  heat  transfer.  This  research  proposes 
an  interdisciplinary  approach  to  metal  cutting  in  order  to  predict  the  cutting  tool  forces, 
temperatures  at  the  chip-tool  interface  and  ultimately  tool  wear. 

The  work  involves  the  development  of  numerical  and  finite  element  models  for  orthogonal 
cutting  to  obtain  the  stresses  and  temperatures  at  the  interface.  Validation  of  analytical 
results  will  be  attempted  by  correlation  with  experimental  data.  Workpiece  materials  such  as 
SAE  1020  and  aluminum  alloy  6061,  which  tend  to  develop  crater  as  well  as  flank  wear,  will 
be  studied.  Characterization  of  the  work  hardening  and  deformation  heating  effects  for  the 
high  strain  rate  conditions  in  machining  will  be  a contribution.  Metallographic  examination 
of  tools  will  be  carried  out  in  order  to  substantiate  the  wear  volume  predicted  from  analysis. 

The  goal  of  this  research  is  to  improve  tool  life  by  establishing  appropriate  machining 
conditions  and  reducing  the  requirement  of  expensive  experimentation  for  tool  wear  prediction. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION; 

^ Friction 

11.  Load  Capacity 

® Sliding 

0 Wear 

Q Surface  Temperature 

2. 

Rolling 

3 Lubrication 

0^  Contact  Stress 

3. 

Slide/Roll 

0 Surface  Damage 

14  Film  Formation 

4 

Impact 

5.  Failure 

15  Oil  Analysis 

5 

Reciprocating 

6 Fretting 

0 Life 

6 

Oscillating 

7.  Erosion 

17.  Filtration 

7. 

Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

TO  Load/Pressure 

0)  Composition 

0 

Unlubricated 

Velocity 

9 Structure 

© 

Liquid  Lubrication 

^ Temperature 

^ Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

^ Thermal  Properties 

4. 

Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

TO  Geometry 

13.  Other  (Please  Specify) 

6. 

Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

Effect  of  microstructure  and  mechanical  properties  on 
PROJECT  TITLE;  the  erosion  of  18  Ni  250  maraging  steel  and  Ti-6%  Al-4% 

I Prof,  Shyam  Bahadur  —alloy 

Name'  Mechanical  Engrg, Dpt.  Affiliation; 

, J Iowa  State  University 

Address;  | Ames,  Iowa  50010 

Telephone;  • 
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(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

1.  Friction 

11. 

Load  Capacity 

1.  Sliding 

2.  Wear 

12 

Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13. 

Contact  Stress 

3_Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

^ IrripacT^ 

5.  Failure 

15 

Oil  Analysis 

5'  Reciprocating 

6 Frettino 

16 

Life 

6.  Oscillating 

Erosion'^ 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

1 Load/Pressure 

Com£psitio^ 

1.  Unlubricated 

^ VeiooT^ 

structurO 

2 Liquid  Lubrication 

i Terhperature 

Knysicai  Hropertie_53 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties  

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6,  Other  (Please  Specify) 

7.  Finish/Lay 

BtSCnlFTiON  AND  CLASSIFICATION  OF  SPECIFIC 


BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

Presidential  Yoimg  Investigator  Award:  Predicting  the  Reliability 
PROJECT  TITLE;  and  Failiire  of  Electrical  Connectors 


^ Dr.  Michael  D.  Bryant 

ahT/'  Dept.  Mech.  & Aero.  Eng. 
Address;  Raieigh,  NC  27695-7910 

leiepnone;  737-3241 


Affiliation; 


North  Carolina  STate  Univ 


The  proposer  is  analyzing  the  contact  physics  associated  with 
the  type  of  electrical  connectors  found  in  most  computers.  Here  the 
objective  is  to  predict  the  time  changing  increase  of  electrical  resistance 
due  to  the  formation  of  surface  films  on  the  contacting  surfaces  of  the 
connector.  The  connector  is  composed  of  many  very  small  contacting  spots. 

The  current  flowing  through  the  connector  is  distributed  through  these 
parallel  spot-circuits.  The  spots  originate  from  asperity  to  asperity 
contact  between  the  mating  connectors. 

When  the  contact  is  made,  currents  are  constricted  through  these 
spots  which  are  randomly  distributed.  As  time  progresses,  the  environment 
may  react  with  the  connector  metals  and  form  insulating  films  around  the 
spots.  This  elevates  the  overall  connector  resistance  and  can  result  in 
noise  added  to  the  signal  that  passes  through  the  connector.  In  the  worst 
case  the  connector  may  cause  the  entiarfe  machine  (^omputer, 
telecommunications  gear)  to  fail.  • ^ 

This  problem  combines  solid  mechanics,  the  theory  of  electrical 
contacts,  and  surface  chemistry.  Surface  properties- such^  as  surface 
roughness  and  waviness  emerge  as  important  factors.  E::per imental  verification 
of  the  physical  models  is  planned' for  the  near  future. 


(Please  Circle  All  Appropriate  Parameters) 


PPCCESS  OP  PHENOMENON  SEING  STUDIED 


TYPE  OF  MOTION 


1.  Fr:c:ion 

2.  Wear 

3.  Luorication 

(2  S jriace  Damage 
Fa. lure 
e Frev.ir'Q 

7 E'CSiOn 

8 AChesion 
5 Aarasia- 

10  =a;:gue 


<s> 


15 


Load  Capacny 
Surface  Temperature 
Contact  Stress 
F'lm  Fcrmat:cr. 

0.1  Ana'vSiS 


Lite 

17  Filtration 
Noise 


jX  ■'-^a-vage  ^ 

Otre'iF'ease  Szsz:‘.y\r  \ iC  < 

. KgVi5-fe>h<Le 


variables  CONSIDERED 


1.  Slicing 
2-  Rolling 
3.  Slide 'Boll 
A irrcac; 

5 Rec.c'ccatirg 

6 Oscillating 

7.  Otne'  (Please  Specifyi 


LUGRICATION 


CP 

2 


- ij- 

Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time'  Amp 

Geometry 

Finisn/Lay 


Composition 
0^  Structure 

Pfiysical  Properties 
1J  Thermal  Properties 
62^  Chemical  Properties 
^5  Other  (Please  Specify) 


Ulher  (Please  b^ecity) 

CcM  !c  Proper'HtfS 


C9 

2 

3 

4 

5 

6 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  y!.  W.  Gardner  Affiliation;  Waukesha  Bearings  Corp. 

Address;  p.  q.  Box  79  8 , Waukesha,  WI  5 318  7 

Telephone;  (414)  547-3331 

Recent  findings  were  published  by  W.  W.  Gardner  and  are; 

"Perfcrrrance  Characteristics  of  Two  Tilting  Pad  Thrust  Bearings",  Proceedings 
of  JSLE  International  Tribology  Conf . , July  *85. 

A tilting  pad  thrust  bearing  incorporating  several  changes,  as  coitpared 
to  a current  standaird  design,  has  been  developed  to  provide  greater  load 
capacity.  Design  changes  were  made  to  the  pad  face  geometry,  the  pad 
si;5jport  design,  and  the  load  equalizing  mechanism.  Details  of  the  new 
design  features  and  the  bases  for  their  selection  are  described.  Labora- 
tory tests  were  run  to  establish  operating  characteristics  to  conpare  to 
those  of  a current  standard  design.  Typical  test  data  and  corrparisons 
are  presented. 

"Tilting  Pad  Thrust  Bearing  Tests  - Influence  of  Three  Design  Variables",  13th 
Leeds-Lyon  Syitposium,  Sept.  *86. 

The  purpose  of  this  paper  is  to  report  the  results  of  an  extensive  series 
of  tests  on  a special  tilting  pad  thrust  bearing.  The  primary  interest 
was  to  determine  the  effects  on  bearing  performance  of  losing  circumfer- 
ential pivot  locations  outside  the  normal  range  of  50  to  60%  of  the  pad 
aro,  from  the  leading  edge.  Secondary  oresults  were  also  obtained  from 
tests  with  pad  sipport  disks  of  various  diameters,  and  with  pads  of 
different  thicknesses. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION 


Tr.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


^^^liding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


8.  Adhesion 


9 Abrasion 
10.  Fatigue 


VARIABLES  CONSIDERED; 


LUBRICATION 


8 Composition 

9 Structure 


1 Unlubricated 
Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 


3 Temperature 

4 Environment 

5.  Dist/Time/Amp 


10  Physical  Properties 
'1 T'.:  Thermal  Properties 
'~T2.  Chemical  Properties 
13  Other  (Please  Specify) 


■"Tp  Geometry 
^7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  Joan  D.  Banks  Affiliation;  Whirlpool  Corporation 

Address;  Monte  Road,  Benton  Harbor,  MI  49022 
Telephone;  616/926-5233 


The  tribology  work  done  here  ^t  Whirlpool  is  VERY  cipplied  in  n?iture. 

It  is  used  primarily  as  a problem  solving  tool.  Hopefully  the  introduction 
of  databases  available  to  design  engineers  will  open  tribological  information 
to  their  use. 

The  lab  here  is  equipped  with  several  Ralex  testers.  The  bulk  of  the 
work  has  been  on  comparative  lubricant  testing  and  friction  studies. 

Requests  often  come  from  Engineers  solving  component  failure  problems,  or 
sometimes  design  engineers  trying  innovative  materials  applications. 

We  have  an  extensive  compressor  oil  lubricity  ranking  and  we  are  currently 
collecting  data  on  a face  seal  system  in  the  dishwasher  where  we  have  tested 
several  different  materials  to  determine  the  ones  which  will  give  the  best 
overall  performance. 

The  emphasis  here  will  likely  not  change  — applying  innovative  technologies 
to  our  products  is  what  life  is  all  about. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


n)  Friction 
Wear 

Lubrication 
4.  Surface  Damage 
^ Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 


11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 
15  Oil  Analysis 
(Jp  Life 

17.  Filtration 
(Ip  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


/T)  Load/Pressure 

§ Velocity 

Temperature 
Environment 
5 Dist/Time/Amp 
© Geometry 
Finish/Lay 


© Composition 
Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION; 

(O  Sliding 
Rolling 

Q)  Slide/Roll 
Impact 

Reciprocating 

Oscillating 

Other  (Please  Specify) 


LUBRICATION; 

t Unlubricated 

Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
5 Solid  Lubrication 
6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Effect  of  Matrix  & Filler  on  Dental  Composite  Resin  Properties 

Name;  Beatty, D.D.S.  Affiliation:  Indiana  Univ.  Sch.  of  Dentistry 

Address:  1121  W.  Michigan  St. ; Indianapolis, IN  46202  Dept,  of  Dental  Materials 
Telephone:  317/274-3725 

Tests  on  model  composite  resins  intended  for  dental  use  will  be  conducted.  Three 
parameters  will  be  varied:  type  of  matrix,  volume  fraction  of  filler  and  filler 
particle  size.  Composites  will  be  formulated  from  four  resin  matrices,  each  with 
a different  modulus  of  elasticity  and  toughness.  These  matrices  will  be  systematically 
loaded  with  increasing  volume  fractions (five  in  all)  of  each  of  three  fillers  that 
differ  in  particle  size(0.04  urn  agglomerated  silica, 2um  glass  and  15  urn  glass) .Properties 
to  be  measured  arerwater  sorption, hardness, toothbrush  abrasion,  sliding  wear 
against  hydroxyapatite,  compressive  strength  and  strain  in  slow  compression.  Tooth- 
brush abrasion  will  be  determined  by  Brushing  6 x 12  mm  cylindrical  specimens  in  a 
mechanical  brushing  machine  in  a 1:1  water (by  weight)  slurry  of  CaCO^ . The  specimens 
will  be  weighed , dimensions  measured,  brushed  for  2 hours,  reweighed,  and  volumeloss 
calculated  on  the  basis  of  density  values.  SEM  of  the  surfaces  will  be  employed  for 
evaluation  of  the  abrasion  process.  Sliding  wear  will  be  tested  on  a pin  and  disc 
wear  machine.  The  sliders  are  composed  of  synthetic  hydroxyapatite  which  are  machined 
to  a diameter  of  2 mm  and  the  surfaces  finished  flat  by  600  grit  silicon  carbide. The 
slider  travels  over  the  specimen  under  a 3kg  load  in  a circular  path  of  approximately 
7 mm  in  diameter.  The  specimens  consist  of  resin  discs  15  mm  in  diameter  x 2.5  mm  thick. 
The  specimens  are  run-in  for  5000  cycles  at  85  cycles/min  and  then  the  speed  increased 
to  150  cycles/min  for  an  additional  20,000  cycles.  A stream  of  37  C water  is  directed 
onto  the  specimens  throughout  the  test.  Volume  loss  is  estimated  by  taking  width  and 
depth  measurements  at  six  evenly-spaced  regions  on  the  wear  track  and  then  calculating 
the  mean  volume  loss.  Surfaces  of  the  resin  specimen  and  slider  are  thai  examined  in 
the  SEM  for  surface  damage  and  transfer  film. Longitudinal  studies  over  10k, 15k, 20k, 

25k  and  30,000  cycles  are  planned  in  order  to  observe  any  changes  in  the  wear  mechanism; 
pilot  studies  have  indicated  fatigue  plays  a major  role  later  in  the  process. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1.  Friction 
(2^  Wear 

X Lubrication 
(^2)Surface  Damage 
5^  Failure 

6.  Fretting 

Ei’osion 
/S^dhesion 
/ 9.  Abrasion 
^10. /fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

(T)siiding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

.^^Load/Pressure 

2.  Velocity 

3.  Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

1 7.  Finish/Lay 

(]_8^omposition 

9*  Structure 

(To)  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

^ Unlubricated 

Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  ^rections.  , ^ ’ 

PROJECT  TITLE;  r i /r 

Name:  Affiliation: 

Address:  LAVB^IllrtJ-r-Ctac^ 

Telephone: 


e>£Zuuiv^  Uh^  ^ ^ 

-W&f  jry^o 

iv~tX(  y)LtMJ~. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

m/  Friction 

/T^Load  Capacity 

^ Sliding 

Wear 

Surface  Temperature 

/'^Rolling 

Lubrication 

Contact  Stress 

J’^?Slide/Roll 

T^^^urtace  Damage 

'T4_Film  Formation 

Impact 

y^Failure 

/^/Oil  Analysis 

5_Reciprocating 

Fretting 

T6.  Life 

^^XOscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

a_Adhesion 

18.  Noise 

^/Abrasion 

19.  Leakage 

TO.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

/T^oad/Pressure 

Composition 

^Punlubricafed 

'2^  Velocity 

>r^2structure 

Liquid  Lubrication 

^2  Temperature 

biophysical  Properties 

3.  Gas  Lubrication 

(3P  Environment 

y^-.  Thermal  Properties 

4.  Grease  Lubrication 

5 Dfst/Time/Amp 

Chemical  Properties 

5.  Solid  Lubrication 

Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Nonsynchronous  perturbation  testing  of  rotating 
shaft/fluid  lubricated  bearing  system.  Identification  of  fluid 
dynamic,  forces  in  bearings  and  fluid/.solid  interaction  mode.s. 

"Mr.  Donald  E.  Bently,  Dr.  Agnes^ Huszynska  - Bently  Rotor  Dynamics 
Address,  p.o.  Box  2529,  Minden,  NV  89423  Research  Corporation 

Telephone:  (702)  782-3611  ext.  9674 


The  experimental  and  analytical  study  provided  adjustments  to 
currently  used  "bearing  coeffecient"  fluid  dynamic  force  models. 
It  also  contributed  to  interpretation  of  fluid/solid  interaction 
modes  of  vibrations  unknown  in  classical  modal  analysis  of 
mechanical  systems.  Survey  of  results  is  published  in  "Modal 
Testing  of  Rotor/Bearing  System"  by  Dr.  Agnes  Muszynska, 
International  Journal  of  Analytical  and  Experimental  Modal 
Analysis,  July  1986.  Future  studies  will  concentrate  on 
identification  of  fluid  force  models  for  wider  range  of 
parameters  (such  as  shaft  eccentricities,  bearing  clearance/ 
length  effects,  fluid  inertia,  lubricant  pressure,  temperature, 
non-conventional  lubricants,  etc.). 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1.  Friction 

2.  Wear 

^ Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
10.  Fatigue 


& Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 
Other  (Please  Specif) 

) \/  . 


TYPE  OF  MOTION; 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

(f)  (5ofz<.KwVP  -t  <a'r€C£Ai^, 


VARIABLES  CONSIDERED: 


a Load/Pressure 
(2  Jifelocitv 
^^Temperature 
A Environment 
^[spDist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 


Composition 
)Structure 

; iQyPhysical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


LUBRICATION: 

1.  Unlubricated 
/2*^ Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Improvements  in  Rotor/Fluid  Lubrication  Bearing  Stability 
Through  Pressurization  of  Lubricant 

Name:  Mr.  Donald  E.  Bently  Affiliation:  Bently  Rotor  Dynamics 

Address;^^*  Agnes  Muszynska  Research  Corporation 

Teleohone-  ^529  Minden,  NV  89423 

(702)  782-3611  x 9674 


The  goal  of  this  research  is  to  experimentally  and  analytically 
evaluate  advantages  of  hydro-static  (externally  pressurized) 
fluid  lubricated  bearings  supporting  rotating  shafts. 
Application  of  such  bearings  provide  higher  rotor  stability. 

The  study  covers  the  analysis  of  lubricant  jnlet/outlet  design 
solutions  to  improve  bearing  performance.  Application  of 
externally  pressurized  fluid  lubricated  bearings  assure 
stable  and  controllable  rotor  operation,  high  efficiency 
and  longer  life  of  the  rotating  machine. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

2.  Wear 

Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
to.  Fatigue 

/it/ Load  Capacity 

TZ  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION; 

Load/Pressure 

2.  Velocity 

3.  Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 

8.  Composition 
(^9^tructure 

Ttr  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

L^Unlubricated 

T^JLiquid  Lubrication 

QpGas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  0|‘L 


Affiliation;  FMC  CEL. 


Name;  T. 

Address;  I Ca  S4,m7^  Ca,  i.roj'z 

Telephone; 

TLo.  ©bjc.ci'j  u t C>iL  ^ e 

Cc^loat^/Cfo  Is  *To  py^ot^l^i.  ^ in  **..0.1  6 o..inA  ! *f  Lf  C ^ / 

£ <i^ir  t/  / 1 %_s  To  \j  o.V'io  ^ EMC,  ^ / 1/  j’//  0 Ui.f  , TL»  z 1 ht5>iT/o«xi  is  Tt  o-xTin  € 
'pu.tncTf  a.  f Lf'f^  o*f  u T «xn  c/ 

f 7**-S  Ts  C t\"t  i tn  if  pZ.y' »Hc/cA,c^<„l  pLyi/tcw/ 

<*>n*,T/u*Kr  UZ-rco-^/"^^  pc*\.r-  «.tnoi  PI^U  funTs^ 

c.ho.y^o^c.'Ct.t^ij’fi  ci ^ f I j C Ivlm/i  i ca.  f Am  ^ tt.n't"  e,oi*^  fos /'f/ otm  ^ j.e  . 

0.*,%*.  ly  X ^y,  ^^k'T'cCo.  < / d /jTi.’i  ^ 

^ c.  c.  «*.  ^ ^ a.Ta.V'-  C 0 m'bt.m  ~t  ^ "Pwc  / c~»c  Is.t.i't’  d/ZuSt'fQm  c'^  O I Ls  , 

l^iCiWcc/s  0-?  Amo^ly/zi  : 4/w<.t  ckvM^/cay^  X-t^Ay  f / ko  c.-.  t 

. ^ ^ ^tai^nlc,  0.l>y  pTi  ^^^Tk-0  pfa.0 ^ f "f  0 

I Sp*^'fmot**.\Ttrif^  opT/c«./  «,«.!  «r  .f  C.  Am  mtm^  9 It,  zTrncm  /c  Cop*y  ^ 9 a,  j 

AAf^h'.hfiU  ^x/j^  I'm  ^ 

lm't<.  U^Kmc*-  o.md  o.fp)^<t.xi  i^cino,Mx!i^  (rUxi^  o'tkxk-  da.  po.<^r»^M-f5 

Lf6pa.-/'ww//y  “To*- ■pMT’tAt^A.  /.t  f,  u.\  s tTU'm  oi  o.  & k 

rnnvmm  y .x-^a,  tTl- * *v»  cTL.»-  « 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 

TYPE  OF  MOTION: 

1.  Friction 

1 1 . Load  Capacity 

— O Sliding 

— <®  Wear 

12.  Surface  Temperature 

— O Rolling 

— ^ Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

— Surface  Damage 

14.  Film  Formation 

4.  Impact 

— ® Failure 

”^1^  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Lite 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

— {S)  Composition 

1.  Unlubricated 

2.  Velocity 

9.  Structure 

—4^  Liquid  Lubrication 

Temperature 

Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

-/Ty  Thermal  Properties 

Grease  Lubrication 

5.  Dist/Time/Amp 

—4^  Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF 
SPECIFIC  BASIC/APPLIED  RESEARCH 


PROJECT  TITLE : Product  Tribological  Research  & Development 


Name : 

Affiliation : 
Address : 
Telephone : 


John  C.  Bierlein,  Ph.D. , P.E. 

Eaton  Corporation 

Corp.  Research  & Development  - Detroit  Center 
26201  Northwestern  Hwy,  P.O.  Box  766 
Southfield,  MI  48037 
(313)  354-2771 


Eaton  Corporation  does  have  an  active  tribology  program.  The 
tribological  project  goals  primarily  are  directed  to  improvements 
in  current  products  or  being  involved  with  the  development  of  new 
products  within  its  core  businesses.  These  products  range  from 
individual  items  within  a.xles,  brakes,  clutches,  differentials, 
engine  components,  gears  and  hydraulics,  etc. , to  rather 
substantial  subsystems.  The  methods  of  approach  include  a wide 
variety  of  product  research  and  development  technicjues  which  are 
in  keeping  with  project  goals.  Examples  would  be  fixture 
testing,  simulation  and  full  component  or  product  evaluations. 
Recent  findings  are  being  introduced  into  our  products  so  as  to 
be  of  benefit  to  our  customers.  The  future  directions  will  be  to 
continue  to  conduct  research  and  development  to  provide  products 
with  optimized  lubrication  and  minimized  friction  and  wear  for 
improved  performance  and  economies  of  operation  of  our  products. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Modeilinq  Break-in  and  Transitions  in  Friction  and  Wear 

Dr*.  F‘ 8 1 e r J . Blau.  Nat.  Bur.  o f S t a. n d a r d s 

NBS,  B-261  Mat  Is 
Gaithersburg,  MD  2 OS' 99 
3 0 1 - 9 7 5 - 6 0 0 5 

This  project  attempts  to  model  the  shapes,  durations,  and 
variability  of  friction  coefficient  versus  time  or  cycle  number 
curves  based  on  an  in-depth  understanding  of  the  phyiscal 
processes  going  on  in  the  sliding  contact  region.  A mathematical 
representation  of  friction  curves  is  being  developed  in  a form 
which  is  fle:^'ible  enough  to  allow  the  incorporation  of  esiisting 
or  future  models  for  sliding  under  dry  or  boundary  lubricated 
conditions.  Near-term  break-in  and  long  term,  sudden  transitions 
will  be  addressed.  Certain  pnysical  effects  such  as  subsurface 
deformation,  surface  finish,  debris  accumulation,  transfer  film 
formation,  coating  wear - 1 hrcugh , change  in  dominant  wear  mode, 
and  loss  of  lubricant  effectiveness  with  time  are  to  be 
integrated  into  the  appropriate  terms  of  the  model. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

^ Friction 
^ \Wear 
^ Lubrication 
(T)  Surface  Damage 

5.  Failure 

6 Fretting 

7.  Erosion 

Adhesion 

Abrasion 

Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

(T)  Sliding 

2.  Rolling 

3.  Slide/Roll 

4 Impact 

Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION; 

Q)  Load/Pressure 
^5)  Velocity 

3 Temperature 
^ Environment 

Qj  Dist/Time/Amp 
Geometry 
(T^Finish/Lay 

© Composition 
^ Structure 

Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

nj  Unlubricated 
'T  Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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Control  o-f  Wear  o-f  Magnetic  Media  with 
Sputtered  i— Carbon  Overcoats 

D.B.  Bogy 

ME  Department  UC  Berkeley,  Berkeley,  CA  94720 
<415)  642-2570 

This  work  is  concerned  with  the  head/disk  inter-face  wear  problem 
that  occurs  in  hard  magnetic  disk  drives.  The  read/write  transducer 
is  mounted  on  a slider  that  -forms  part  o-f  an  air  bearing  against  the 
rotating  magnetic  media  disk.  During  the  starting  and  stopping  phases 
o-f  the  drive  the  slider  comes  into  intimate  contact  with  the  disk  on 
which  the  in-formation  is  stored.  The  device  must  endure  many  tens  o-f 
thousands  o-f  start/stops  without  appreciable  wear. 

In  order  to  protect  the  new  thin  -film  magnetic  media  the  industry 
has  adopted  a protective  "di amond— 1 i ke"  carbon  overcoat.  The 
properties  of  this  overcoat  and  the  dependence  of  these  properties  on 
the  fabrication  process  are  still  largely  unknown.  The  object  of  this 
research  project  is  to  understand  this  tribological  process  and  relate 
the  process  to  the  mechanical  properties. 

Recent  papers  based  on  this  work  are: 

W— R.  Chang,  I.  Etsion,  D.B.  Bogy,  "An  El ast i c— PI asti c Model  for  the 
Contact  of  Rough  Surfaces",  J.  Tribology,  to  appear 

, "Static  Friction  Coefficient  Model  for  Metallic  Rough  Surfaces", 

J.  Tribology,  submitted 

, "Adhesion  Model  for  Metallic  Rough  Surfaces"  J.  Tribiolgy, 

submi tted . 

H— C.  Tsia  and  D.B.  Bogy,  "Characterization  of  Diamond— like  Carbon 

Films  and  Their  Application  as  Overcoats  on  Thin  film  Media  for 
Magnetic  Recording,  J.  Vac.  Sci.  Tec.,  submitted. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

(2  Friction 

Wear 

Lubrication 
^ Surface  Damage 
^ Failure 

6 Fretting 

7.  Erosion 

Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity  1 

12.  Surface  Temperature 
ffai  Contact  Stress 

QA)  Film  Formation 
^ Oil  Analysis 

Life 

17.  Filtration 

18.  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Q)  Sliding 

2.  Rolling 

3 Slide/Rolt 
(4)  Impact 

5 Reciprocating 
d)  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

(j)  Load/Pressure 
Velocity 
Temperature 
<A.  Environment 
Dist/Time/Amp 
Geometry 
(7.'  Finish/Lay 

/• 

(g.  Composition 
tS-  Structure 
ijo.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13  Other  (Please  Specify) 

(D  Unlubricated 

Liquid  Lubrication 

1^.'  Gas  Lubrication 
^ Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  TESTING  OF  OIL  COUNTRY  TUBULAR  GOODS 

Name;  c.  A.  BOLLFRASS  & K.  D.  CHELETTE^^^'*‘^^'°^-  THREAD  TECHNOLOGY  INTERNATIONAL 
Address;  8800  JAMEEL  STREET  S 140;  HOUSTON,  TEXAS  77040 
Telephone;  713  - 460  - 0292 


Development  of  standard  test  method  for  test  specimens  made  from  steel  or  nickel 
based  alloy  tubes  for  investigation  of  materials,  lubricants,  coatings,  finishes 
and  load  phenomena.  Project  calls  for  development  of  standard  test  specimens  as 
well  as  statistical  test  method. 

Initial  program  is  about  to  finish  and  has  been  successful.  Next  program  will 
consist  of  several  series  that  compare  relative  galling  characteristics  of  specific 
material  candidates. 

Future  programs  will  compare  relative  galling  characteristics  of  various  lubri- 
cants, finishes  and  coatings. 

C.  A.  BOLLFRASS 
DEC  4,  1986 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


1»Friction 

2. |Wear 

3. ]|Lubrication 
4 /Surface  Damage 

Failure 

6 Fretting 

7 Erosion 
Adhesion 
Abrasion 

10.  Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION; 

^Osiiding 
Rolling 
3.  Slide/Roll 
4 Impact 
p5y  Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

Load/Pressure 
Velocity 

^3  Temperature 
Environment 
Dist/Time/Amp 
^©Geometry 
J^/Finish/Lay 


I Composition 
I Structure 
Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


LUBRICATION: 

^^Unlubricated 

Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
A Other  (Please  Specify) 


Name;  J.F.  Booker 


PROJECT  TITLE;  ANALYSIS  OF  BEARING  DYNAMICS 
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Affiliation;  Cornell  University 


Address;  Mech.  & Aero.  Eng. 

Upson  Hall,  Cornell  University 
Ithaca,  NY  14853 
Telephone:  (607)255-3618 


General  objectives  are  development  of 

1 . basic  understanding  of  dynamic  behavior  mechanisms 

2.  quantitative  analyses  applicable  to  design 

for  fluid  film  bearings  and  bearing  systems  with  such  real  world 
departures  from  "ideal"  conditions  as  structural  compliance, 
geometrical  irregularity,  and  evolving  cavitation. 

Methods  of  approach  are  numerical  and  combine  finite  element  fluid/solid 
analysis  with  special  numerical  methods  (e.g.,  for  sparse  matrix  storage, 
quadratic  programming  via  linear  complementarity,  modal  analysis, 
stiff  system  integration,  etc.).  Intensive  use  is  made  of  computational 
resources.  Experimental  work  is  a future  possiblity. 

Specific  projects  include  novel  bearing  system  design  analysis  methods 
for  reciprocating  and  rotating  machinery,  particularly  relevant  to  advanced 
engines  and  squeeze  film  dampers. 

Recent  work  centers  on  efficient  and  interoretable  computation  of  the 
effects  of  structural  compliance  and  misalignment  on  oil  film  thickness 
and  power  loss  in  engine  bearings.  Efficiency  is  an  issue  because  heavy 
computational  demands  currently  require  access  to  supercomputers, 
severely  limiting  portabilty  of  the  resulting  "design  codes". 
Interoretabilitv  is  an  issue  because  of  the  vast  amount  of  information 
generated,  requiring  extensive  use  of  computer  graphics/animation. 

Future  work  will  seek  to  include  improved  two-phase  models  of  dynamic 
cavitation  evolution  in  the  bearing  model.  Experimental  validation 
may  be  sought  through  small  scale  basic  experiments  at  Cornell  and/or 
cooperation  with  larger  scale  applied  experiments  elsewhere. 


Future  numerical  work  is  also  planned  to  integrate  our  "local”  bearing 
model  into  "global"  engine  sytem  analyses. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  C>»v.'T/rrr<?n  £roi>'o^ 


Name:  ^ Affiliation:  Cljfy/frr 

Address:  i^ooo  Sr.CJ^,'r  AaTj  D.v, 

Telephone: ll*.  H9l-7:») 


ir'cli^Ti\/'c  Cia-\/i'Ti<i-Tro/^  cJ/^y 

^^loys,  Vt  hr^Tvry  Knrrirxi  v^'rri  jse^ci  -fz?  ;>)ciu/^^ 

CA\/iV|».T-r(f>o  £'roir^rt  )n  '^£5t  ^pciLCrnsyis  ^CTer  $\/h)t'ner^g^ 

In  -^p  ST^-hfon^  i^rr^plg^ 

cOffrr-liT^^  ^^'nrrrtJ 


c^Pfer-^Jr^  j ,^\um  elezsr^pl^iir}  ov^l, 

hss  rAg-  sp£C.i'jyn£-m  . 


^rr\c 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1 EficUpn 

0 1 ■ Load  Capacity^ 

CT^TT  siidinQ!:? 

^ Weat:> 
y:  Lubrication 
( 4.  Surface  Damaae^ 

. 5.  Pailure 

6.  Frettinq 

Er08ioi> 

8.  Adhesion 
fl.  Abrasion 
^10.  FatigujI^ 

12.  burlice  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

2. Tloi/Ing 

3.  Slide/Roll 

4.  Impact 

5.  Reciorocatino 

7.  Other  (Please  Specify)  . 

VARIABLES  CONSIDERED: 

LUBRICATION: 

l^l^gail^essytS' 

1.  Uniubricated 

C2  Velocit^J 

(^9.  Structyce^ 

<12,  Liquid  Lubrication:? 

3.  Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

7.  Finish/Lay 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

V 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name;  Dr.  W.  T.  Brannen  (Repr.)  Affiliation:  Industrial 

Address:  The  Elco  Corporation,  P.  0.  Box  09168,  Cleveland,  OH  44109 
Telephone:  (216)  749-2605 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

Load  Capacity 

1.  Sliding 

C?-  Wear 

Surface  Temperature 

Rolling 

^ Lubrication 

dS:  Contact  Stress 

Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

8.  Composition 

1.  Unlubricated 

2.  Velocity 

9.  Structure 

^ Liquid  Lubrication 

A Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

^ Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 

\. 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Name; 
Address; 
Telephone; 


Dale  H.  Breen 

ASME  Gear  Research  Institute 
Naperville,  IL  60566 

(312)  355-4200 


Affiliation; 


All  work  on  Tribology  is  being  done  as  a part  of  other  work.  It  is  applied. 

It  has  to  do  with  the  contact  fatigue  durability  or  lubricated  wear  properties 
of  gears  or  simulated  gears.  Current  work  involves; 


1 . materials 

2 . surface  finish 

3 . lubricant  formulations 

4.  finishing  methods. 

Real  gears  or  roller  specimens  are  used.  This  work  is  ongoing  thus  a significant 
data  base  is  being  generated. 

Our  future  plans  include  work  with  coatings  and  inproving  quantitative  aspects  of 
predicting  gear  life. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

Friction 

Wear 

Lubrication 
Surface  Damage 
Failure 

6 Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

^5?  Fatigue 

Load  Capacity 

Surface  Temperature 

Contact  Stress 

14  Film  Formation 

Oil  Analysis 

Life 

17  Filtration 

Noise 

t9^  Leakage 

20  Other  (Please  Specify) 

Sliding 

Rolling 

(^)  Slide/Roll 

Impact 

5 Reciprocating 

6.  Oscillating 

7,  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

ClP  Load/Pressure 
Velocity 
Temperature 

4 Environment 

5.  Dist/Time/Amp 
& Geometry 
<^2^  Finish/Lay 

(S  Composition 

0.  Structure 

Physical  Properties 

11  Thermal  Properties 

Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 

Liquid  Lubrication 

3.  Gas  Lubrication 
(^Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

*1 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  An  Investigation  of  Joint  Degeneration 

Name;  Thomas  D.  Brown,  PhD  Affiliation;  The  University  of  Iowa 

Address;  Biomechanics  Lab,  Orthopaedic  Surgery,  Iowa  Ciy,  Iowa  52242 
Telephone;  319-235-7528 

We  plan  to  study  the  factors  promoting  progressive  cartilage  destruction  in  animal 
models  of  osteoarthrosis  in  order  to  understand  the  pathophysiology  of  this  condition. 
The  effectiveness  of  these  models  has  been  established  by  previous  experimentation.  The 
joint  tissues  are  studied  biochemically,  metabolic ally,  and  biomechanically . Since  the 
pathology  of  osteoarthrosis  involves  destruction  of  the  articular  cartilage  ' and  the 
remodeling  of  the  bone  adjacent  to  the  joints,  we  must  use  in  vivo  preparations.  Because 
osteoarthrosis  mainly  affects  mature,  older  individuals  and  its  development  involves  an 
inter-relationship  between  a variety  of  tissues,  organ  cultures  utilizing  fetal  materials 
are  inapropriate.  This  study,  involving  collaborative  biochemical,  biomechanical, 

anatomical,  pathologic,  and  clinical  analyses  of  these  models,  should  provide  a better 
understanding  of  osteoarthrosis  with  the  hope  that  the  process  can  some  day  be  halted  and 
reversed.  We  propose  utilizing  poorly-protected-against  repetitive  impulse  loading  of  a 
physiologically  reasonable  amount  to  create  osteoarthrosis  in  the  right  knees  of  rabbits. 
The  left  knee  is  used  as  a control.  We  want  to  establish  the  threshold  levels  at  which 
articular  cartilage  is  mechanically  injured,  the  nature  of  the  load  which  is  most 
deleterious,  and  the  mechanical  factors  responsible  for  progression  of  the  joint 

deterioration.  We  will  first  predict  the  most  deleterious  force  analytically  by  finite 
element  analysis  and  test  that  hypothesis  experimentally.  We  will  also  utilize 
stiffening,  caused  by  remodeling  of  a local  area  of  subchondral  bone  overlying  an 
implanted  plug  just  under  the  knee  joint  of  a sheep  to  study  the  relationship  of  bone 
stiffening  and  progressive  cartilage  deterioration.  Finite  element  analysis  reveals  that 
such  remodeling  achieved  does  increase  the  stress  in  the  deep  layers  of  the  overlying 
cartilage.  We  plan  to  study  this  in  long-  and  short-term  animals  to  delineate  the 

progression  of  changes.  Experimental  results  coupled  with  an  expansion  of  analytical 
understanding  should  help  define  the  important  mechanical  parameters  causing  joint 

deterioration  in  osteoarthrosis. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

2.  Wear 

i ^Lubrication 
(^^Surlace  Damage 
Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 
^^T^Patigue 

‘^TTpLoad  Capacity 

12.  Surface  Temperature 
('T^^ontact  Stress 

14  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 

18.  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

Load/Pressure 
'Li.  Velocity 

3 Temperature 

4 Environment 
Dist/Time/Amp 

v_6.  ^Geometry 

7.  Finish/Lay 

8.  Composition 

9l.  Structure 

CiQ..-T>hysical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4.  Grease  Lubrication 

5^  Solid  Lubrication 

Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Tribology  of  Rigid  Disk  Magnetic  Storage  Drives 

Name;  Robert  W.  Bruce  Affiliation;  Alcoa  Laboratories 

Address;  Alcoa  Center,  PA  15069 
Telephone;  (412)337-5750 


Improve  the  durability  of  memory  disks  and  reduce  starting  friction. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 

TYPE  OF  MOTION 

Friction 

Load  Capacity 

Sliding 

V?  Wear 

Surface  Temperature 

2.  Rolling 

UJ  Lubrication 

MJU  Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

14  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16  Life 

6.  Oscillating 

X Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

CBj  Adhesion 

18  Noise 

Cs^  Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

Composition 

1.  Unlubricated 

Velocity 

Structure 

Liquid  Lubrication 

Temperature 

Physical  Properties 

(X’Gas  Lubrication 

. Environment 

Thermal  Properties 

^ Grease  Lubrication 

Dist/Time/Amp 

Chemical  Properties 

Cb.  Solid  Lubrication 

^ Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

[T.')  Fimsh/Lay 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  Tribology  of  Manufacturing  Processes  as  Casting,  Extrusion, 
Forging  and  Wire  Drawing 

Name:  Robert  W.  Bruce  Affiliation;  Alcoa  Laboratories 

Address:  Alcoa  Center,  PA  15069 
Telephone;  (412)337-5750 


Develop  lubricants  and  tribological  process  optimization  leading  to 
improved  product  quality. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

Wear 

Lubrication 
@ Surface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 
^ Adhesion 

Abrasion 

10.  Fatigue 

11.  Load  Capacity 

Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

(vp  Filtration 

IB  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

Sliding 

2^  Rolling 

QJSlide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

® Load/Pressure 

Qh  Velocity 

QO  Temperature 
^ Environment 
Dist/Time/Amp 
Geometry 
^7?)Finish/Lay 

(i)  Composition 

9.  Structure 

Physical  Properties 
(^)  Thermal  Properties 

Chemical  Properties 

13.  Other  (Please  Specify) 

1 Unlubricated 
^ Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
(J)  Solid  Lubrication 

6.  Other  (Please  Specify) 

description  and  classification  of  specific 

BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Tribology  of  the  Rolling  Process 

Name;  Robert  W.  Bruce  Affiliation;  Alcoa  Laboratories 

Address:  Alcoa  Center,  PA  15069 

Telephone;  (412)337-5750 


Develop  lubricants  and  tribological  process  understanding  leading  to 
improvements  in  product  surface  quality. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Vj  Friction 
Wear 

_)  Lubrication 

Surface  Damage 
5.  Failure 
6 Fretting 
X Erosion 
(^Adhesion 
Abrasion 
10  Fatigue 


Load  Capacity 
'Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

(j)  Sliding 
Z Rolling 
([^Slide/Roll 

4 Impact 

5 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressure 
Velocity 
Temperature 
4 Environment 
5,^  Dist/Time/Amp 
^ Geometry 
Finish/Lay 


Composition 

Structure 

Physical  Properties 
ny  Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


LUBRICATION: 

1.  Unlubricated 
Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
Solid  Lubrication 

6.  Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

/ recent  findings  and  future  directions. 

/ Presidential  Young  Investigator  Award:  Estimating  the  Leakage  Through 

project  TITLE;  Mechanical  Face  and  Shaft  Seals  for  Design  Purposes 

/ .Dr.  Michael  D.  Bryant  Affiliation;  Carolina  State  University 

/ Dept.  Mech.  & Aero.  Eng. 

f Address;  Raleigh,  NC  27695-7910 

Telephone;  (919)  737-3241 

>' 

a 

Equations  and  solutions  were  formulated  that  describe  the  leakage 
through  rotating  shaft  and  face  seals.  These  seals  are  intended  to  keep 
fluids  from  leaking  around  moving  parts  from  a region  of  high  pressure  to  a 
region  of  low  pressure.  An  e::ample  would  be  the  housing  in  a turbine  engine. 
Both  compressible  and  incompressible  fluids  were  investigated;  multiple  terms 
in  the  film  thickness  (seal  clearance)  e::pression  were  also  included.  These 
terms  include  seal  misalignment,  seal  waviness,  wear,  vibration,  seal  coning, 
etc . 


The  sealing  gap  or  film  thickness  is  first  determined  as  a function  o 
the  seal  surface  topographies,  seal  stiffnesses,  thermal  deformations, 
misalignments,  and  wear.  A specialized  form  of  the  Reynold's  equation  (field 
equation  describing  fluid  motion  within  the  sealed  gap)  valid  for  high  shaft 
rotational  speeds  is  then  constructed.  A power  series  solution  to  the 
thermally  nonlinear  problem  resulted  in  a closed  form  expression  for  leakage, 
torque,  and  lifting  force. 

Finally,  in  conjunction  with  this  work  Dr.  Bryant  has  designed  and 
will  soon  build  a machine  that  will  test  rotating  seals  operating  at  e::treme 
conditions  (50,000  RPM,  100  psi , 1000  deg.  F).  Results  of  these  tests  will 
be  used  to  verify  the  accuracy  of  the  analysis. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
I Wear 
Lubrication 
Surface  Damage 
Failure 
Fretting 
7.  Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
16  Life 
17.  Filtration 
18  Noise 
Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time/Amp 

Geometry 

Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION; 

6^  Sliding 
Rolling 
3.  Shde/Roll 
4 Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Thermal,  Thermoelastic,  and  Dynanic  Effects  in  Electrical  Brushes 

Name-  ^chael  D.  Bryant  Affiliation;  North  Carolina  State  University 

Address;  Dept.  Mech.  & Aero.  Eng. 

Telephone-  Raleigh,  NC  27695-7910 

(919)  737-3241 


Dr.  Eryant-  is  analv'tically  investigating  wear  in  monolithic  carbon 
graphite  brushes  as  a function  of  electrical,  thermal,  material,  and 
mechanical  parameters  and-  properties.  Here  the  goal  is  better  brush  design 
through  increased  understanding  of  the  complex  brush  to  rotor  surface  physics. 

The  electric  potential  field  is  first  determined  for  a current  flowing 
from  the  brush  to  a slipring  through  a conducting  spot.  This  field  results 
in  Joule  heat  sources  which  determine  a thermal  and  thermoelastic  field. 
Thermal  deformations  on  the  brush  surface  give  rise  to  surface  deformations, 
which  when  pressed  flat,  determines  the  contacting  pressures  between  the  brush 
and  slipring.  These  pressures  in  conjunction  with  sliding  velocities  are 
used  to  estimate  adhesive  wear  using  an  appropriate  law. 

Calculations  include  all  thermal  changes  in  material  properties 
characteristic  of  carbon  graphites.  Results  show  that  temperatures  within 
the  brush  can  exceed  the  melting  point  of  the  material;  at  this  point 
stresses  are  also  high.  Together  this  suggests  a possible  mechanism  for 
catastrophic  brushwear  different  from  the  adhesive  wear. 

The  PI  also  plans  to  build  a rig  that  would  allow  observation  of  the 
sliding  interface  between  a brush  and  a rotor. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

61/  Friction 

nV  Load  Capacity 

Sliding 

Wear 

Surface  Temperature 

2.  Rolling 

'h3  Lubrication 

Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

T4.  Film  Formation 

4 Impact 

5 Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

16  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

Load/Pressure 

Composition 

(p  Unlubricated 

Velocity 

9 Structure 

2 Liquid  Lubrication 

^^Temperature 

Physical  Properties 

3 Gas  Lubrication 

Environment 

Q^y.  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 

I ^ — 

RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 
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Name:  ^ - 

Address: 

rfT.  t/rZ97-S't,o(^ 


Affiliation:  OS  ^ ^ - /i^oror^, 


T/Ut 


Projec t T1  tie;  Development  of  Tribological  System  and  Advanced  High 
Temperature  In-Cylinder  Components  for  Advanced  High  Temperature  Diesel 
Eng  ine  s . 

Project  Objective;  Develop  insula tive  materials  and  tribology  system  to  meet 
the  following  anticipated  future  type  military  diesel  operating  conditions  and 
goals : 

300  (psl)  Brake  Mean  Effective  Pressure 

12.0  (BTU/Hp-min)  Brake  Specific  Heat  Rejection 

1100(°F)  Top  Ring  Reversal  (Liner  Temperature) 

320  (lbs/BHP“hr)  Brake  Specific  Fuel  Consumption 

Approach;  Only  the  approach  for  the  tribology  portion  of  the  work  scope  will 
be  described  here.  Tasks  Include:  1)  lubricant  bench  test  screening,  2)  viear 
rig  testing,  and  3)  engine  testing. 

1.  High  temperature  lubricant  screening  bench  thermal  and  chemical  tests  will 
be  conducted.  Differential  scanning  calorimeter  (DSC),  the rmogravime trie 
(TGA),  oxida tion/corrosion/deposl tion  tests,  and  chemical  tests  of  new  and  used 
lubricants  to  determine  lubrication  products  and  kinetics  will  be  performed. 
Additive  studies  will  be  made  to  determine  response  to  acids,  to  examine 
depletion  kinetics,  to  analyze  effectiveness  of  lubricants  when  contacted  with 
cermets  or  ceramic  surfaces,  and  to  study  toxicity. 

2.  Wear  ring  testing  will  be  conducted  with  candidate  high  temperature 
lubricants  and  liner/ring  candidate  couples.  Oil  consumption  deposit, 
friction  and  wear  measurements  will  be  taken  and  used  oil  analyzed. 

3.  Best  candidates  will  then  be  tested  in  a small  bore  direct  injection  single 
cylinder  diesel  engine  modified  to  operate  at  specified  high  temperature 
conditions.  The  engine  will  be  tore  down  at  given  intervals  to  observe 
ring/bore  condition  and  deposit  formation.  Used  oil  will  also  be  analyzed. 

From  this  last  iteration  of  tests,  the  best  high  temperature  lubricant  and 
liner/ ring  wear  couples  will  be  specified  and  delivered  for  100  hour 
demonstration  in  the  high  temperature  large  bore  single  cylinder  diesel 
demonstrator  engine. 

Sta tus;  Monsanto  polyolester,  polyphenylether  and  c-ether  lubricants  and 
Montefluous  perfluoripolyether  lubricants  are  being  compared  with  Stauffer 
SDL-1  and  Mobil  204  polyolester  lubricants  in  initial  studies.  High 
temperature  stability  studies  continue  with  TGA  and  DSC  tests  with  the  Fomblin 
Z-15  performing  the  best  so  far.  The  Midwest  Research  high  temperature 
tribometer  is  currently  being  re-fabricated.  Expected  delivery  for  the  wear 
rig  unit  is  March  87. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Fundamental  Tribological  Properties  of  Oxide  Ceramics 

Name;  Donald  H.  Buckley  Affiliation:  Professor,  CWRU 

Address:  Department  of  Metallurgy  and  Materials  Science 
Telephone;^^^®  Western  Reserve  University,  Cleveland,  Ohio  44106 

(216)  368-4221 


Said : 


I just  recently  took  a Faculty  position  at  CWRU,  and  am 
currently  working  on  the  preparation  of  a proposal  to  NSF  for 
a MATERIALS  RESEARCH  GROUP  PROGRAM.  It  will  involve  faculty 
from  various  departments,  including  Physics,  Chemistry,  Chemical 
Engineering,  Mechanical  Engineering,  as  well  as  Metallurgy  and 
Materials  Science.  The  project  goals  as  I have  outlined  them 
will  be  to  conduct  a comprehensive  tribological  characterization 
of  three  oxide  ceramic  systems  that  have  potential  structural 
applications.  The  method  of  approach  will  be  to  conduct  a program 
in  three  phases.  The  first  phase  will  involve  the  measurement  of 
adhesion,  friction  and  wear  of  the  ceramics  in  contact  with  them- 
selves and  metals  to  establish  baseline  data.  The  surfaces  will 
be  well  characterized  and  detailed  surface  and  surficial  structural 
analysis  will  be  performed  after  tribological  experiments.  The 
second  phase  of  the  program  will  involve  surface  modification  of 
these  same  ceramics,  including  ion  implantation,  ion  plating  and 
the  deposition  of  diamond-like  carbon  films.  Again,  complete 
characterization  will  be  performed  using  analytical  tools.  The 
third  and  last  phase  will  consist  of  examing  the  three  same 
ceramic  systems  lubricated  by  liquids  and  solids.  The  liquids  will 
consist  of  high  purity  base  stocks  and  both  boundary  and  EHL 
lubrication  will  be  examined. 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


Friction 
^ Wear 

Lubrication 
^ Surface  Damage 
Failure 
& Fretting 
Erosion 
(iS  Adhesion 
Abrasion 
Fatigue 


11  Load  Capacity 

Surface  Temperature 
fTb  Contact  Stress 
(QP  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


TYPE  OF  MOTION; 

Sliding 
Rolling 
' Slide/Roll 
Impact 
(^Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


LUBRICATION; 


o>  Load/Pressure 
^ Velocity 
Temperature 
^ Environment 

5 Dist/Time/Amp 

6 Geometry 
7.  Finish/Lay 


Composition 
^ Structure 
AID  Physical  Properties 
11.  Thermal  Properties 
ff^Chemical  Properties 
13  Other  (Please  Specify) 


Unlubricated 
^ Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
tEP  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  <i- C-f  (f  r 

/C.S 

Name;/=^  Affiliation  _ 

Address: 

Telephone^^^^^^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

1 1 Load  Capacity 

CP  Sliding 

Wear 

(S^  Surface  Temperature 

2.  Rolling 

Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

14.  Film  Formation 

4.  Impact 

Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16  Life 

6.  Oscillating 

7 Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specif^ 

VARIABLES  CONSIDERED: 

LUBRICATION: 

0 Load/Pressure 

CP  Composition 

1 Unlubricated 

(y  Velocity 

9 Structure 

Liquid  Lubrication 

*1^  Temperature 

^ Physical  Properties 

3 Gas  Lubrication 

07  Environment 

Q/  Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


PI63S6  typ6  sll  informstion  snd  provid©  3 bri6f  sumrn3ry  of  proj6Ct  903IS,  m©thods  of  3ppro3ch, 

r©c©nt  findings  3nd  futur©  dir©ctions. 


PROJECT  TITLE; 

N3m©; 

Addr©ss; 

T©l©phon©; 


MOLYBDENUM-DISULPHIDE  MOTOR  OIL  ADDITIVE  FOR  INCREASED 
PERFORMANCE  & EFFICIENCY  TN  INTERNAL  COMBUSTION  ENGINES. 

Afflll3II0n;  ACI  c ut-MDcn 

ACCA  TECHNOLOGIES  CORP.  ASLE  MEMBER 

P.O.  BOX  1266  ATTLEBORO  FALLS,  MA  02763 
617-699-4655 


Current  research  is  being  directed  towards  understanding  all  benefits  of  a recent  breakthrough 
in  totally  suspending  & electrostatically  charging  molybdenum-disulphide  in  an  oil  additive  for 
use  in  motor  oils  for  internal  combustion  engines.  Dynomometer  testing  results  thus  far  indi- 
cate excellent  advantage  of  this  additive  in  providing  increased  power,  reduced  fuel  consumption 
and  a marked  increase  in  mechanical  efficiency.  Scanning  electron  microscopy  has  been  utilized 
to  determine  the  absence  of  blow-by  products  on  platinum  electrode  surfaces.  Determination  of 
trace  metals  in  motor  oil  with  and  without  this  additive  has  been  surveyed  using  Inductively 
Coupled  Argon  Plasma  Spectroscopy  indicating  a dramatic  decrease  in  engine  wear  as  indicated 
by  chromium  levels. 

Further  research  remains  in  the  areas  of  diesel  engine  effects,  turbo  charger  efficiency,  ther- 
modynamics of  motor  oil,  viscosity  evaluation,  plus  investigation  for  optimizing  military  and 
aerospace  attributes. 


(Ple3S©  Circle  All  Appropriete  Peremeters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


0 

Friction 

ill 

Load  Capacity 

Wear 

Surface  Temperature 

§ 

Lubrication 

13 

Contact  Stress 

0 

Surface  Damage 

14 

Film  Formation 

5. 

Failure 

Oil  Analysis 

6 

Fretting 

(19 

Life 

7. 

Erosion 

17. 

Filtration 

8 

Adhesion 

18 

Noise 

9 

Abrasion 

(ig 

Leakage 

10. 

Fatigue 

(29 

Other  (Please  Specify) 

FUEL  ECONOMY 

VARIABLES  CONSIDERED; 


1. 

Load/Pressure 

Q 

Composition 

2 

Velocity 

Structure 

§ 

Temperature 

Physical  Properties 

0 

Environment 

Thermal  Properties 

5. 

Dist/Time/Amp 

(12) 

Chemical  Properties 

6 

7 

Geometry 

Finish/Lay 

13. 

Other  (Please  Specify) 

TYPE  OF  MOTION; 

8 Sliding 
Rolling 
3.  Slide/Roll 
4 Impact 
fl  Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION 

1 Unlubricated 
@ Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
Solid  Lubrication 

6 Other  (Please  Specify) 


V 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Advanced  Diesel  Engine  Propulsion  Technology  (ADEPT) 


Name;  Jere  G.  Castor  Affiliation;  Garrett  Turbine  Engine  Co. 

Address;  111  So.  34th  St.,  P.O.  Box  5217,  Phoenix,  AX  85010 
Telephone;  (602)  231-4282 


TASK  3-  Lubricant  Research  & Development 


The  major  effort  of  this  task  is  to  formulate  and  test  lubricants  which  will 
meet  operational  and  maintainance  requirement  of  an  advanced  low  heat  loss 
compound  cycle  engine  with  top  ring  reversal  temperatures  in  excess  of  800°F 
and  piston  velocities  up  to  3000  ft/min.  A key  requirement  is  to  be  able  to 
operate  in  the  engine  environment  with  a minimum  of  friction  and  with  a 
reasonable  time  between  oil  changes.  To  meet  the  goals  a friction  coefficient 
less  than  0.20  and  radial  wear  rates  less  than  20x10"^  in/hour  are  required. 

New  material  couples  and  lubricants  will  be  screened  by  use  of  Hohman  friction 
and  wear  tester,  Alcor  deposition,  and  micro-oxidation  bench  testing.  Best 
candidates  will  be  run  on  a high  speed  single  cylinder  test  engine  under  varied 
PVT  conditions  using  radionucleided  rings.  Results  of  testing  are  reported 
under  NASA  Contract  NAS3-24346. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION; 


6 

7 


Friction 

Wear 

Lubrication 

Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


11.  Load  Capacity 

Surface  Temperature 
Contact  Stress 
Cw  Film  Formation 
Oil  Analysis 
^ Life 

Filtration 
1^  Noise 

19  Leakage 

20  Other  (Please  Specify) 


© Sliding 

2.  Rolling 

3.  Slide/Roll 
^ Impact 

(S  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


LUBRICATION 


(1)  Load/Pressure 

(2)  Velocity 

^ Temperature 
Environment 
© Dist/Time/Amp 
Geometry 
Fmish/Lay 


f Composition 
Structure 

^ Physical  Properties 
(1 Thermal  Properties 
05"'  Chemical  Properties 
13  Other  (Please  Specify) 


V Unlubricated 
(X  Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

7. Vapor  Phase^ 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  S(?e-CCpce 

Name.  L.  Affiliation;  tOYLg. 

Address;  *^cs^T~(Pcc_  StfZi/cces 

Telephone; ^ 

0061X4 rtc 

pfZ-e^O-Cg.  L/^Z^  C0A<pACr 

Co«CCi4  0?AJl/^>^JTco/a><L. 

lU 

-Y'^S^JL<3  oP-  To  XXoto 

cyf^  /WAQ^^‘'To'Z>g_  OM  CAS 6^  oR  Atoc-Rf  — 

AjccS  ^fcczcTA^Tf^^  S'rST'c^^s  o>P£^^Tc^«^c;  op  Tfe 

Psocc^p  ^ A^2e_  S72{TX<ZX^y' 

^c>*TS>(2j.  cJi  Z’B^  <^S^*2fA.icr*^  OliT CL6  T'r  Op  TIo 

/PO  (^OS<ZlLLAT't/^Q)  ^ 4AJ7>  C<3A^?7a(MT  U^C<5CX'C^^^  CCccjfXj-Acs^^ 

^06X14  Tol2x^'-^s^S  ^ T&fxs-  aP^  Foa-p  ^ 

^ O^/Zr:  OM  E-  L^^cT>3cT'c«is^3*  (C3^5'/ BJO  c fO  ^ V/ 

7ocksVS>  QI<^cC14^  T^Z^ert:L(2L  <J)5c-f  COi  p- 

(3^AJ '-^^^TTjs>-i«src_  (loo»^t-t»-5C^S  cx^  ”T£fcs.  klc'^jD  Co6^cc:f>56 

Ace—  66a-cc"PG_D  T^  6c>co  ToCG?it_>g_  v/^c.lj(S_3>  . 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

1.  Friction  Load  Capacity 

2.  Wear  12.  Surface  Temperature 

3 Lubrication  li  Contact  Stress 

4 Surface  Damage  vi^  Film  Formation 

(^Failure  15  Oil  Analysis 

6 Fretting  16  Life 

7.  Erosion  17.  Filtration 

8.  Adhesion  IJ,  Noise 

^9  Abrasion  (l^  Leakage 

® ^•'■9-  ¥e§S;.S“/®ta^,  <.'1 

TYPE  OF  MOTION: 

(^Sliding 

Y Rolling 

3.  Slide/Roll 

60  Impact 

^Reciprocating 

(^Oscillating 

7.  Other  (Please  Specify) 

'EofcdSu^ 

VARIABLES  CONSIDERED: 

Cy  Load/Pressure  8 Composition 

Velocity  Structure 

Temperature  10.  Physical  Properties 

4 Environment  11.  Thermal  Prope'ties 

5 Dist/Time/Amp  12.  Chemical  Properties 

Geometry  13.  Other  (Please  Specify) 

7.  Finish/Lay 

LUBRICATION 

1 Unlubricated 

Q)  Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Development  of  Improved  Cutting  Fluids 
Principal  investigator:  David  R.  Bell 

Name;  (Others)  D.  B.  Cox,  J.  L.  Graff  Affiliation:  Chem-Xrend  Incorporated 
Address:  1445  W.  McPherson  Park  Drive,  P.  0.  Box  860,  Howell,  MI  48844-0860 

Telephone:  (517)  546-4520 

PROJECT  GOALS:  Currently,  the  objective  is  to  provide  synthetic  cutting  fluids 
capable  of  providing  improved  surface  finish,  decreased  cutting 
torque,  and  improved  tool  life  on  cast  aluminum  parts. 

METHOD  OF  APPROACH:  Instrumented  drilling,  tapping,  and  cutting  experiments. 

RECENT  FINDINGS:  Project  just  starting.' 

FUTURE:  Extension  to  steels  and  other  metals. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

11.  Load  Capacity 

Sliding 

Wear 

12.  Surface  Temperature 

2. 

Rolling 

O;  Lubrication 

13.  Contact  Stress 

3. 

Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4. 

Impact 

5.  Failure 

15.  Oil  Analysis 

5. 

Reciprocating 

6.  Fretting 

16.  Life 

6. 

Oscillating 

7.  Erosion 

17.  Filtration 

7. 

Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

’ ^ Load/Pressure 

Composition 

U-. 

Unlubricated 

Velocity 

9 Structure 

'Ci 

Liquid  Lubrication 

3.  Temperature 

10  Physical  Properties 

3. 

Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4. 

Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5. 

Solid  Lubrication 

(y_:  Geometry 

13.  Other  (Please  Specify) 

6. 

Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and^ture  directions. 


TITLE; 

iName:  ^ U Affiliation:  ""j  ^ 

Address:  Cc^  < 


PROJECT 

Name 


Telephone: 


0\A/} 


J d ^ ^ 


y t'? 


4) 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


/^r^riction 

cS^Wear 
/^)Lubrication 

Surface  Damage 
)Faiiure 
; Fretting 
Erosion 
'j^Adhesion 
7^)  Abrasion 
TO.  Fatigue 


/^^'Load  Capacity 

Surface  Temperature 
^.^Contact  Stress 
.-Film  Formation 
Oil  Analysis 
.^Life 
Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

^,,.-Sliding 
\J  polling 
.^Slide/Roll 
'4.  Impact 
5,.  Reciprocating 
^[^Oscillating 
7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


(f^T-oad/Pressure 

Velocity 

/3^  Temperature 
Environment 
Dist/T  ime/Amp 
(_  Geometry 
Finish/Lay 


Composition 

Structure 

d^Physical  Properties 
Thermal  Properties 
(7^27  Chemical  Properties 
13.  Other  (Please  Specify) 


LUBRICATION: 


u. 


1.-  Unlubricated 
([[[2y'Liquid  Lubrication 
3.  Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
'6.'''bther  (Please  SpecJ^) 

■'**«  ( i ! N 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Lubrication  of  Ceramics 

Name:  Alfeo  A.  Conte,  Jr. Affiliation:  Naval  Air  Development 
Address:  Warminster,  PA  Center 

1 8974 

Telephone:  215-441  -2835 


Project  Ctoals:  To  develop  guidelines  for  the  lubrication  of 
ceramic  tribomater ials  over  the  temperature 
range  extending  from  ambient  to  1000  C. 


Approach:  The  response  of  various  ceramic  materials  to 

both  liquid  and  solid  lubrication  will  be 
investigated  using  frictional  data  and  wear 
scar  analysis. 


Recent  Findings:  New  Program 

Future  Directions:  Advance  bearing  design  programs  for 

selection  of  optimum  lubricant  systems. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

type  OF  MOTION: 

Friction 
^IWear 
op  Lubrication 

Cl-  Surface  Damage 
Failure 

6 Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10  Fatigue 

Cyy  Load  Capacity 

12.,  Surface  Temperature 
Cll)  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16.  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 

''-2->*Rolling 

3 Shde/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

variables  CONSIDERED; 

LUBRICATION: 

Load/Pressure 

Velocity 

Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 

7 Fmish/Lay 

^ Composition 

Structure 

■JO. ■ Physical  Properties 

11  Thermal  Properties 

1^  Chemical  Properties 

T3.  Other  (Please  Specify) 

0 

_1  Unlubricated 
(_2_^  Liquid  Lubrication 

3 Gas  Lubrication 

Grease  Lubrication 

Solid  Lubrication 

6.  Other  (Please  Specify) 

81 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

— — -I  # • 


PROJECT  TITLE:  Molecular  Alteration 


Name:  Alfeo  A.  Conte,  Jr . Affiliation: 
Address:  Warminster,  PA 
1 897M 

Telephone:  21  5-^^'' "2835 


Naval  Air  Development 
Center 


Proiect  Goals:  To  explore  the  development  of  advanced 
aircraft  materials  based  on  the  use  of 
intercalated  layer-structured  solids  and 
deuterium  substituted  materials. 


Approach: 


Solid  film  lubricant  formulations  based  on 
intercalated  graphite  will  be  developed  using 
a statistically  designed  experimental 
approach.  Bearing  wear  life  correlation  tests 
will  be  performed  on  deuterated  and  non- 
deuterated  greases. 


Recent  Findings:  Transition  metal  chloride  intercalated 

graphite  found  to  possess  better  wear  life 
than  MoS2  and  also  comparable  load  carrying 
ability.  Deuterated  greases  capable  of 
operating  at  50  F higher  temperature  than  non 
deuterated  greases.  Bearing  performance  life 
at  least  doubled. 


Future  Directions:  Corrosion  inhibition  required 

intercalated  solid  film  lubricant.  Addition 
al  prototype  testing  of  deuterated  greases 
prior  to  specification  preparation. 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

^ Friction 

CxD  Load  Capacity 

1.  Sliding 

(23  Wear 

IT  Surface  Temperature 

2.  Rolling 

(^^Lubrication 

13  Contact  Stress 

Slide/Roll 

Surface  Damage 

14  Film  Formation 

4 Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

Life 

% 6 Oscillating 

7.  Erosion 

IT  Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

O-,'  Load/Pressure 

Cs^Composition 

1 Unlubricated 

2 Velocity 

^Q,’Structure 

2 Liquid  Lubrication 

3 Temperature 

(3^ 'Physical  Properties 

Gas  Lubrication 

4 Environment 

Thermal  Properties 

Grease  Lubrication 

5 Dist/Time/Amp 

'-_12.  Chemical  Properties 

^S'jiSolid  Lubrication 

Other  (Please  Specify) 

6 Geometry 

7.  Finish/Lay 

13  Other  (Please  Specify) 
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n.ai  iii^  I i UL..JW  mi  muiu^  uii 

Surface  Topography  and  Tribological  Functionality 

J.O.  Cogdell  grad,  student:  RPI 

Hech.  Engr.  Dept.  espl:  Caterpillar  Inc. 

Rensselaer  Polytechnic  Inst. 

Troy,  NY  12180-3590 

The  research  proposed  herein  deals  with  developaent  of  surface  topography  paraseters  which  will  correlate 
both  with  aanufacturing  process  paraweters  of  the  surface-generating  process,  and  with  aeasures  of 
tribological  functionality  of  the  generated  surfaces.  The  priaary  utility  of  such  paraaeters  is  in  control  of 
the  aanufacturing  process. 


Load-bearing  coaponents  in  aachinery  usually  consist  of  two  surfaces  in  sliding  contact,  for  esaaple  two 
gear  teeth,  piston  ring/cylinder  wall,  journal/bearing,  ball  bearing  ball/race,  etc.  The  functionality  of  such 
coaponents  can  be  characterized  in  teres  of  scuff-liaited  load-carrying  capacity  (scuffing  is  a aode  of 
catastrophic  failure  characterized  by  cold-welding  of  Bating  surfaces},  and/or  by  the  wear  rate  of  the 
opposing  surface.  The  first  aeasure  is  aore  applicable  to  heavily-loaded  coaponents  such  as  gears  and  rolling 
eleaent  bearings,  the  second  to  journal  bearings,  where  the  bearing  is  typically  a softer  aaterial  like 
babbitt  or  plastic. 

Substantial  productivity  increases  are  possible  in  the  aanufacture  of,  for  exaaple,  reciprocating  engine 
crankshafts,  cylinder  liners,  and  valve  train  coaponents,  by  better  identification  of  the  relationships 
between  surface  topography  and  tribological  functionality.  This  would  aake  possible  iaproved  in-process 
quality  control,  which  would  in  turn  facilitate  use  of  aore-productive  aanufacturing  setups. 


Larger  increases  are  potentially  available  through  interactive  control  of  the  aanufacturing  process. 
Coaputer-  controlled  aachine  tools  and  control  theory  are  available:  adequate  control  aodels,  strategies  and 
paraaeters  are  often  not.  Surface  topography  paraaeters  which  correlate  with  both  the  process  variables  and 
functionality  can  fora  the  basis  for  iaproved  control  strategies. 

The  objective  of  the  proposed  research  is  developaent  of  relationships  between  aanufacturing  process 
variables  and  tribological  functionality  through  surface  topography.  Because  grinding  is  the  process  of  choice 
for  aanufacturing  bearing  surfaces,  efforts  will  be  concentrated  on  ground  surfaces.  Hilestones  in  support  of 
this  objective  include: 

a.  Manufacture  of  cylindrical  steel  journals,  using  systeaatic  variation  in  the  grinding  paraaeters,  on  an 
industrial  grinder  instruaented  to  aeasure  energy  and  teaperature. 

b.  Measure  journal  profile  data  in  the  axial  and  circuaferential  directions. 

c.  Develop  surface  topography  paraaeters. 

d.  Quantify  tribological  functionality  of  the  journals  in  teras  of: 

1)  Ecuff-liaited  load  capacity  in  conditions  of  elastohydrodynaaic  lubrication, 

2)  wear  rate  of  soft  bearing  aaterial  (e.g.  high-density  polyethylene). 

e.  Establish  correlations  between  the  surface  topographyparaaeters,  grinding  paraaeters,  and  tribological 
functionality. 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

Friction 

Wear 

3 Lubrication 
^ Surface  Damage 
Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

^ Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 

2 Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^ Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 
Finish/Lay 

8 Composition 

9.  Structure 

10  Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubncated 

Liquid  Lubrication 
'T  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

V 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  E rOj  vo  v.  “p  ^ Ccvv  ?Vcv'Ky>5  Xrfj 

Name:  Coatv  Affiliation: 

Address;  'l^cS.  "STp-V-rA  I.  ^ ' 

Teiephone:  , fA.15  20707  . . 

^bo,;  776  - 74  SY 


r 


O 

^ro^iL^v^e^  -ev-OJvxr<^  j v>^ 

CXa^U 

'^•v^  QLA/vtdLi^ 

Ww  'VU.y-  ii 

-e  f VU\  vtso^  'JOPA.'rvQ 

^.£^5  .IJ  ^ r^sXd'-U 

V^KCi 


y O >r  Ail/vw-O  \)  v.  v>^ 


OVsi2_ 


.OV\5. 


(Btease  C1r^e  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

2.  Wear 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Frettino 
/'I.  Erosion‘s 

8.  Adhesion 

9.  Abrasion 

10.  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Sllde/Roll 

4.  Impact 

5.  Reciprocating 

Oscillating 

Cp^ther  (Please  Specify) 
CAUfTATiwt,  WAtTCA 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^1  1 narl/Prpffsti^ 

C 2.  VelQcItO 

3.  Temperature 

4.  Environment 

5.  Dist/TIme/Amp 

6.  Geometry 

7.  Finish/Lay 

8.  Composition 

9.  Structure 

10.  Physical  Properties 

1 1 . Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  / / ;c^o  5 yVc.  i'’  ^ ^ c./^ 

Name: 

Address;  ^ } r? Oe^Y 

Telephone:  J ^ V /K<:.  :;7  4^f:7.^o; 


"T^Ae  o ^ j ^ ^ -h/j'fi  a /~e.  e=>  /^yr-cv (lcL 

o Z'Ze/'f-y?  a.  ^ aYc  ^L/~C5^e>t  y^ejy'/^^  Y t £.  Zi /7 tj  cs  e\.r%^  Yo  Y 

^ 4.e^  ^ f ^ 5 ^ •f~  r-e^ouo./  / *)  -Z- Zt  t.  O "-f  ^ 

ii./Yo'yS  C A.  /7a.^c/'  A n / YY  Yt.  ^ 5 C / ^ ^Yc^c-  Y^/^  ^ , 

^ <-•/•  v-e/oc-.y/ 

J of 

at^y/u/e  Z/<^K  e.^es,c^  r'^-Zi 

e Y^Y,  ^A^y^YoyrYy  :r/y/c  y?z,^Yz^Yc  yY<^Y<'<LS 

r y>  ^ ^/z-,  ^ Y Y,s  Y A /cTt. 


■oy/Zo^  Ya>Yx^  z'Y  1^*5  e Y^-Y  Yr  s A t.Y  Y At*  Y A /Cey 


-A~  ^ ya 


r'  / 't 


e>  Y -/^  A t.  Y' 


-t-<y  c>  — 


Y’ 


/*«$<.  A 


YYa 


/ S -y  Z}  c S C«  /f]f/ 


Y A t.  £,  ✓“«  S zo  •? 

Y a t.t.n  y-z,i  "Z  o r,  ^ ^ z :^t  ^eic7  Y Ai<.  /^/ t *,  zo  s Yz  c^  <_  Y^zc  s z z.e  ^ 

^ ^ /.  Z'  ^ ^ ' Zc  z Yt.y^  r 4 " Y z^  e * s uz-c^  (t.  zt  Y A>  Y -r  Atit  z 

^ Zz  Yf  6 4>  s*.z-^».Yf  •.>  f 6Y  ✓-y'fccr  c^fi~*.-r^z‘e 


'y 


y/o/aznc  az>  e/  ^ (L  * y e.  z- € z' z^y  o Y*  ^ <1  K ^ ^ ; z-^  t:  .,  Y^  A Y f ^ *zJ 


'^Y 


z'd4.<^4fy  z^Azi  zt  c Atz  S /oz,  az,Y  Y*> 


£.  sY*-Y  Yzs/z'z,.^  /^*-<-A* 


y 

**.Z  i *Zl 


/>t  tk.  Yt-  Z~  ^ y /~€  zzt  tf  »/-<».  Y,  • / . z 'z 

Y'f  £■  z-«.  s£.*z-<,  A ^ Y£?z^^  e.KY^z^Y^A  Y c>  e.«z^/-cszr-*^5  ^ 

yzf^  ^ ^ « • — /'y*-  AAy  yY*^Yz  Yz  'z-c  Y z~  c>  o zt  / <i~  zt  z7  Y A oY  Y ^ f^Y  a.  Y<z  ^ z zt  a_^ 

Jl /ic  y^c  z-*>Ye.  oY  Y***'^*-^  Az  ,^Y  oY  YAc.  LZt.  Yt>  *-z'Y  y c Z7  /o-Yz^ 

^ J „ z Ji  t/ziYc.z~  cost  $ A Y£y  o-Yz  Ozt  . 

CyYaAAzz.^  /zZf  Yz-zYf*Yt  z*>r*^€^zsy^  /5  ^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

1 1 . Load  Capacity 

1.  Sliding 

2.  Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

(^Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6.  Oscillating 

(f^  Erosion 

17.  Filtration 

7.  Other  (Please  Sptecify) 

6.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

(^}  Composition 

1.  Unlubricated 

(£)  Velocity 

/9/  Structure 

2.  Liquid  Lubrication 

3.  Temperature 

Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name'  Clark  V.  Cooper  Affiliation:  United  Technologies  Research  Center 

Address:  East  Hartford,  CT 
Telephone:  (203)  727-7138 


The  abrasive  wear  behavior  of  several  hard  compounds  is  being  investigated  in  a 
stylus-on-disc  configuration,  in  which  a diamond  stylus  abrades  the  rotating  disc  material 
of  interest.  The  wear  rates  are  compared  to  measured  fracture  toughness  values  to  corre- 
late the  two  nhenomena  and  to  understand  material  wear  mechanisms. 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name.  Clark  V.  Cooper  Affiliation:  United  Technologies  Research  Centei 

Address:  East  Hartford,  CT  06108 
Telephone:  (203)  727-7138 


anH  Jnduction-surface-hardened  and  surface-modified  nodular 

and  flake  graphite  cast  irons  is  being  investigated  with  the  goal  of  understanding 
actwe  wear  mechanisms  and  the  effectiveness  of  various  commercial  and  laboratory 
technigues  for  modifying  the  surface  structure  and  chemistry  to  improve  wear 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  apprqag 

recent  findings  and  future  directions. 

PROJECT  TITLE: 


Name:  Clark  V.  Cooper 
Address:  East  Hartford,  CT  06108 
Telephone:  (203)  727-7138 


Affiliation: United  Technologies  Research  Center 


The  objective  of  this  program  is  to  investigate  the  wear  behavior  and 
mechanisms  of  hard  face  coatings  deposited  onto  Ti-base  substrates  by  PVD  and 
PACVD  for  sliding  wear  applications. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE,  Ruj^'Lci\^ 

Name:  Affiliation: 

Address: 

Telephone:, 


* ^ Sl^iOOHk.  HTBI^ 

— l(n^£J  /^yO  • 

^ McdjM^ 


^ D^irx^-jv^cn^  7?y^/tt/S5a/H5 

•^I^M  OatxMirtu^ 

(Please  Circle  All  Appropriate  Parameters) 


TYPE  OF  MOTION: 

§ Sliding 
Rolling 
Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

6.  Composition 

Unlubricated 

Velocity 

9.  Structure 

ON-iouid  Lubrication 

^5  Temperature 

Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

rTu  Thermal  Properties 

Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 

PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
Wear 

Lubrication 
> Surface  Damage 
)Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 


(T&^  Fatigue 


Load  Capacity 
Surface  Temperature 
) Contact  Stress 
Film  Formation 
Oil  Analysis 
I Life 
Filtration 
Noise 
Leakage 
20.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  A Mathematical  Study  of  Wear  of  Self  Lubricating  Materials 


Name;  James  R.  Crane  Affiliation;  American  Society  of  Lubrication 

Address;  P.O.  Box  3707  M/S  73-43  Seattle,  WA  Engineers 
Telephone.  (206)  237-8241  98124 


American  Chemical  Society 


This  study  analyzes  changes  in  wear  rate  of  solid  lubricants  as  a function  of  the  time 
of  wear,  slide  velocity,  and  bearing  load  at  constant  ambient  temperatures.  Analysis 
of  nearly  1700  data  points  dealing  with  17  different  materials  from  twenty  different 
experiments  using  one  of  four  different  experimental  setups  was  performed.  The  data 
was  generated  in  this  and  other  laboratories. 


From  this  study  it  was  observed  that  during  the  overall  wearing  process,  the  measured 
wear  rate,  in  most  cases,  decreased  to  a minimum  value  sometime  after  the  initial 
application  of  a specific  bearing  load  and  slide  velocity  and  thereafter,  the  wear  rate 
increased  indefinitely,  even  becoming  catastrophic  tin  time.  Even  under  constant  load 
and  velocity,  minor  fluctuations  in  the  wear  rate  were  observed  which  were  taken  into 
account  in  the  mathematical  analyses. 


Several  types  of  mathematical  expressions  which  could  explain  the  observations  were 
examined.  Analyses  of  the  observations  involved  the  use  of  mathematical  models 
utilizing  special  numerical  methods,  detailed  statistical  analyses  and  other  types 
of  mathematical  tests  using  a sophisticated  computer  program  which  was  specifically 
written  for  this  work.  In  addition,  this  program  selected  the  most  representative 
equation  which  best  relates  the  experimentally  obtained  wear  data  with  the  independent 
variables,  slide  velocity,  bearing  load  and  wear  time.  This  fortran  computer  program 
was  run  on  a DEC  VAX  11/750  minicomputer.  A paper  on  this  work  is  being  written  for 
publication. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1 Friction 

Wear 

3.  Lubrication 

4 Surface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity 

12  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

^ Sliding 

2.  Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 
d)  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED. 

LUBRICATION 

W Load/Pressure 
^ Velocity 

3 Temperature 

4 Environment 
Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

8 Composition 

9 Structure 

10  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

Unlubricaled 

2 Liquid  Lubrication 

3 Gas  Lubrication 
^ Grease  Lubrication 
(|)  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Name;  Steven  Danyluk 
Address; 

Telephone;  312-996-2437 


Affiliation;  University  of  Illinois 
at  Chicago 
CEMM  Dept. 

P.  0.  Box  4348 
Chicago,  IL  60680 


The  project  goal  is  to  develop  an  understanding  of  the  lubricated  abrasion 
and  wear  (wafering)  characteristics  of  semiconductor  silicon  in  order  to 
maximize  the  cutting  rate  and  minimize  the  surface  damage  in  silicon  wafers. 

The  results  of  this  research  are  critical  to  semiconductor  silicon  wafer 
manufacturers  since  they  must  supply  damage-free  wafers  at  the  lowest  cost 
to  large-scale  integrated  circuit  companies. 

Microhardness  indentation,  single  and  multiple  linear  scratch  tests,  and 
high  speed  cutting  experiments  are  used  as  simulation  of  industrial  wafering 
practice.  The  silicon  temperature,  speed  of  scratching  and  cutting,  fluid 
properties,  and  the  applied  loads  are  the  variables  studied. 

Recent  findings  have  shown  that  silicon  which  is  known  to  be  a brittle 
solid  exhibits  ductile  behavior  at  low  loads,  and  plasticity  can  be  induced 
by  deformation  in  ethanol  or  at  relatively  low  ambient  (T  = 200°C)  temperatures. 

The  studies  of  silicon  are  being  extended  to  other  semiconductors  such  as 
gallium  arsenide  and  ceramics  such  as  alumina. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

Friction 

11. 

Load  Capacity 

((^Sliding 

V^ear 

12. 

Surface  Temperature 

2!^  Rolling 

(^Lubrication 

13 

Contact  Stress 

3.  Slide/Roll 

(^Surface  Damage 

14 

Film  Formation 

A Impact 

5 Failure 

15 

Oil  Analysis 

(T^  Reciprocating 

6 Fretting 

16. 

Life 

Oscillating 

7.  Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

A Adhesion 

18 

Noise 

(^  Abrasion 

19 

Leakage 

itr  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

Load/Pressure 

) Composition 

(jL^Unlubricated 

Velocity 

) Structure 

(^^^Liquid  Lubrication 

(^Temperature 

10 

Physical  Properties 

X Gas  Lubrication 

(Tj  Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13. 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

AKlIiation: 

Adress:  ^ 

Telephone:  ^4^ 


t-sjyUc^  Av-<t4^  <o,  ^ ^ c.t  6 >w>i 

/)  (s^Lu^)  -ft  < ! ^I'n. 

^ A yf^  f 

‘7~€.-U^^  ^ 77ly\. 


/ 


[yjLLcly  1^ 


/ieyyCcitt^.-, 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

1 1 . Load  Capacity 

CT^Sliding 

2.  Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

JL.  Impact 

5.  Failure 

15.  Oil  Analysis  / 

r) 

CsJ  Reciprocatina 

6.  Fretting 

16.  Life  ( 

6.)  Oscillating 

7.  Erosion 

17.  Filtration  \4 

TT  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise  V 

9.  Abrasion 

10.  Fatigue 

IS^Leakage  \ 

/^•^O^ther  (Please  Specif 

VARIABLES  CONSIDERED: 

LUBRICATION: 

J)  Load/Pressure 
Velocity 
Temperature 
^Environment 
5 Oist/Time/Amp 
^TNieometry 
7.  Finiah/Lay 


Composition 
Structure 

I Physical  Properties 
Thermal  Properties 
[,12^  Chemical  Properties 
13.  Other  (Please  Specify) 


_1.  Unlubricated 
XI  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  CONTACT  PROBLEMS:  PLATES  ON  FOUNDATIONS 

Name:  j.  p.  Dempsey  Affiliation:  Clarkson  University* 

Address:  Potsdam,  New  York  13676 
Telephone:  (315)  268-6517/7701 


Abstract 

Contact  problems  Involving  plates  on  foundations  are  widely  encountered  In 
several  fields  of  engineering.  Problems  arise  whenever  the  foundation  can 
provide  only  unilateral  support  to  the  plate,  l.e*,  the  support  reaction  p 
(x,y)  Is  either  positive  or  zero.  In  this  kind  of  problem,  both  the  con- 
tact region  and  the  support  reaction  are  unknown.  By  virtue  of  the  fact 
that  p (x,y)  ^ 0,  the  problems  are  nonlinear.  The  present  method  used  to 
solve  the  problems  Involving  an  elastic  foundation  Is  to  transform  the 
governing  differential  equations  of  a plate  Into  Integral  equations  through 
finite  Fourier  transforms.  The  compatibility  and  equilibrium  conditions 
between  the  plate  and  the  foundation  reduce  the  contact  problem  to  a solu- 
tion of  one  or  several  coupled  Integral  equations.  Results  can  be  obtained 
by  solving  these  equations  numerically.  The  Integral  equations  may  be 
singular  depending  on  the  types  of  foundation  being  modeled  A large  system 
of  linear  equations  arises  In  the  solution  procedure  of  these  Integral 
equations,  with  each  unknown  corresponding  to  a value  of  contact  pressure 
at  one  point  Inside  the  contact  region.  Supercomputer  resources  are  being 
requested  because  of  the  sizeable  storage  requirements  and  because  of  the 
Increasing  complexity  as  more  realistic  foundations  are  treated. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

0.  Load  Capacity 

^ Sliding 

(9  Wear 

12.  Surface  Temperature 

2.  Rolling 

T Lubrication 

Contact  Stress 

3.  Slide/Roll 

^ Surface  Damage 

14.  Film  Formation 

Impact 

'v  Failure 

15.  Oil  Analysis 

^ Reciprocating 

6.  Fretting 

16.  LHe 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

/O  Load/Pressure 

8.  Composition 

1.  Unlubricated 

Z Velocity 

9.  Structure 

2.  Liquid  Lubrication 

3.  Temperature 

10  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

^ Dist/Time/Amp 

12  Chemical  Properties 

5.  Solid  Lubrication 

^ Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  W ear  ci  7ooU  by 

Name:  Affiliation;  Un/u^rs/-fj  c./  UJ.jccns/n- /^/aJuon 

Address:  15/3  \)d\\iic^A'j  ^ /]'->€.  M^d/jtn^  LOi  Oo 

Telephone: 


f]  ])iuj  mt-fhod  flciSidCL^  unprt^nQiion  C(<rLcJe  cut/‘^ 

ie,,,  u.uS  Cc  -h  -i\i.-dcic 

4cc(  jac-nrmanOl' 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  on  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

,1^  Friction 
^-24  Wear 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 

10.  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

16.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

Other  (Please  Specify) 
hlfrlu./  CU-lAn'i  - 
■lucnfri^ 

VARIABLES  CONSIDERED: 

* LUBRICATION: 

1 . Load/Pressure 
(2?  Velocity 

3.  Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

8.  Composition 
(9)  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

2.  Liquid  Lubrication 

3 Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Effects  of  Ion  Implantation  on  Cavitation  Erosion  of  Cobalt 

Based  Metal /Carbide  Systems 

Namp-  ninirh  Affiliation:  Worcester  Polytechnic  Institute 

^ ^ P M r Worcester,  Mass.  01609 

Address:  Dept,  of  Mech.  Eng. 

Telephone:  617  793-5224 


The  goals  of  this  research  were  to  characterize  the  erosive  wear  mechanisms 
in  cobalt  based  metal /carbide  composite  systems,  and  to  investigate  how  these 
mechanisms  may  be  changed  by  high  fluence  ion  implantation.  Cavitation  erosion 
tests  have  been  performed  on  nonimplanted  and  Ti  implanted  (5  x lO^^Ti/cm^,  190 
keV)  samples  of  a cobalt  based  superalloy  and  a 6%Co-WC  cemented  carbide.  Surface 
damage  and  material  loss  from  the  samples  were  monitored  by  periodic  weight  loss 
measurements  and  SEM  examinations  of  the  test  surfaces. 

For  both  materials,  implantation  resulted  in  increased  erosion  resistance  due 
to  diminished  carbide-matrix  debonding  and  matrix  phase  erosion.  TEM  examination 
of  implanted  alloy  foils  found  an  amorphous  matrix  phase  and  recrystallized 
carbides.  A corresponding  toughening  of  the  matrix  phase  and  softening  of  the 
carbides,  may  account  for  the  observed  increased  erosion  resistance  of  the  matrix 
and  improved  carbide-matrix  cohesion  in  the  alloy.  The  effects  of  high  fluence 
N implantation  on  the  microstructure  and  cavitiation  erosion  resistance  of  the 
superalloy  and  cemented  carbides  are  currently  being  investigated. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1.  Friction  11. 

Wear  12. 

3 Lubrication  13. 

0 Surface  Damage  14. 

5.  Failure  15. 

6 Fretting  16. 

7.  Erosion  17. 

8.  Adhesion  18. 

9 Abrasion  19. 

10.  Fatigue  20. 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 
Other  (Please  Specify)  cavi 



IM 


10 


TYPE  OF  MOTION; 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5 Reciprocating 

6 Oscillating 


cavitation  in  a 
1 iquid 


VARIABLES  CONSIDERED; 


Load/Pressure  8 Composition 

Velocity  @ Structure 

Temperature  10.  Physical  Properties 

Environment  11.  Thermal  Properties 

Dist/Time/Amp  12.  Chemical  Properties 

Geometry  13.  Other  (Please  Specify)  lOn 

Finish/Lay implantation 


LUBRICATION: 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 
6.  Other  (Please  Specify) 

immersion  in  liquic 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  zfz)r  ^ 

/{//>/  TT  T>odf^  MMaWon:  Soui^^UeS'/  I 

Address;  Co(eJ^rdr  S(?^  /^n^n)0  K 

Telephone;^^^2^^^2-Z^O^  / 


P/l,fy2c^  . 

jZ^'UV^/drJtydj J do  ^ 

/tra^iS-  /i'dcSXsL  CJ2.vdy^d^u^^i_ 

^2Pt-CTA-tfGl  ^■^frw“  ©"vLn-- 

(Xrx^X-  ' 


^jA~0-t\jyUy*'yO 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

('vi^ Load  Capacity 

1.  Sliding 

2 Wear 

12.  Surface  Temperature 

2.  Rolling 

/^Lubrication 

Surface  Damage 

13.  Contact  Stress 

3.  Shde/Roll 

14.  Film  Formation 

4 Impact 

5.  Failure 

15.  Oil  Analysis 

Reciprocating 

6 Fretting 

16  Life 

( 6 JOscillatinq 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9 Abrasion 

10.  Fatigue 

19  Leakage 

20  Other  (Please  Specify) 

Vibr^flon 

VARIABLES  CONSIDERED: 

LUBRICATION 

^pLoad/Pressure 

8 Composition 

1 Unlubricated 

l^iQ  Velocity 

9.  Structure 

2^iquid  Lubrication 

3 Gas  Lubrication 

f3JT  emperature 

Physical  Properties 

4 Environment 

cTU  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

T2.  Chemical  Properties 

5.  Solid  Lubrication 

/'6^!^eometrv 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  jhe  rqlE  OF  THERMOELASTIC  EFFECTS  IN  THE  SCUFFING  FAILURE 
OF  ROLLING/SLIDING  EHD  CONTACTS. 

Name;  Thomas  A.  Dow  Affiliation.  North  Carolina  State  University 

Address;  Mechanical  and  Aerospace  Engineering,  NCSU,  Raleigh,  NC  27695 
Telephone:  (gig)  737-3024 

The  objective  of  the  proposed  program  is  to  analyze  the  thermal 
effects  in  a rolling/sliding  elastohydrodynamic  (EHD)  contact  to 
determine  the  extent  to  which  these'effects  may  be  used  to  explain 
failure  by  scuffing.  Previously  developed  mathematical  and  numerical 
models  are  to  be  modified  to  allow  simJation  at  the  heavy  loads  and 
large  slip  conditions  normally  associated  with  scuffing  failure.  A 
model  will  be  developed  to  account  for  the  local  distortion  in  the 
solid  surface  due  to  the  thermal  stresses  produced  by  heating  in  the 
contact  zone.  A thermoelastic  instability  hypothesis  is  to  be  tested  by 
further  developing  the  model  for  predicting  the  load  and  speed  boundary 
between  failure  and  non-failure,  and  comparing  the  predictions  to 
experimental  measurements.  A significant  part  of  the  program  is  to 
experimentally  explore  the  characteristics  of  typical  scuffing  failure. 

Sponsor:  Office  of  Naval  Research 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION 


Friction 

Wear 

Lubrication 

Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 
17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


§ Sliding 
Rolling 
Shde/Roll 
4.  Impact 
5 Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


LUBRICATION: 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time/Amp 

Geometry 

Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


1 Unlubricated 
Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
(£)  Solid  Lubrication 

6 Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Computer  simulation  of  the  friction  braking 

Name;  V.V.  Dunaevsky  Affiliation;  Westinghouse  Air  Brake  Div. 

Address;  Wilmerding,  PA  15148 
Telephone;  4 1 2-82  5-1 437 


Mathffnatical  model  and  several  computer  programs  have 
been  developed  (in  addition  to  the  former  WABCO  programs) 
during  1981-1985  to  closely  simulate  surface  temperatures 
and  friction/ braking  parameters  of  tread/ disc  braking  at 
various  braking  procedures  including  single,  multiple,  inter- 
mittent or  • drag  braking  actions. 

The  analysis  is  based  on  wheel/disc  design  characteristics, 
braking  loads,  speed  profiles,  shoe  forces,  environmental 
conditions,  properties  of  friction  materials. 

Meliods  of  mathematical  physics  and  results  of  the  dyna- 
mometer tests  were  utilized  in  the  technique  developed. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

X1  Friction 

2.  Wear 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6 Fretting 

7,  Erosion 

8.  Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity 

X 12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

16.  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

^ 1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^ 1.  Load/Pressure 

X 2.  Velocity 
^ i Temperature 

X * Environment 

X 5 Dist/Time/Amp 

X 6 Geometry 

7.  Fmish/Lay 

X 6 Composition 

9.  Structure 

X 10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

XI.  Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name: 

Address:  '--ew.  ^ 

Telephone; 

^ C_-0  «VN  Q ^ ^ 

y\*-w  ^ N9Vo<a/<..^  /<k 

Vv.\3'^ ^ y 

Q,  yv  W'-'V’O 


Affiliation:  ^ 


(O.n, 


V 


I '\\»f 


3'K  ^ 


\o£.3s  \j%^ 


L.^  f . c<,aV  ^rz^iVc,*^  v.  i 


<\vK.  Vb 


o ' CA.VA^  ^CCi  j 

Orvc^V  O cL  O 

C>  \ ^ c_  ^ 


vy\A'  e.y 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  on  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

V Friction 

Wear 

^5?  Lubrication 

4.  Surface  Damage 
^5?  Failure 

0^  Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10.  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 
<l£?Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 
^2^  Rolling 
^ Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

JL  Load/Pressure 
^T)  Velocity 

Temperature 

OP  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 

8.  Composition 

9.  Structure 

10.  Physical  Properties 

1 1 . Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 

2.  Liquid  Lubrication 

3 Gas  Lubrication 

^^Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE. 

NameiDr.  Kent  J.  Eisentraut  Affiliation. ^ ^ poi-Qg 

Address:  AFWAL/MLBT  Wright-Patterson  Air  Force  Base,  Ohio  45433 
Telephone:( ) 255-4860 


TITLE:  SURFACE  PHYSICS/CHEMISTRY  OF  HIGH  TEMPERATURE  LIQUID  LUBRICANTS 

APPROACH:  Study  the  interface  between  metal  surfaces  and  candidate 

fluid/additive  formulations  to  identify  those  providing 
optimal  surface  film  species  under  conditions  of  boundary 
lubrication  at  high  temperature. 

Apply  surface  analysis  and  fluid  analysis  techniques 
to  obtain  information  on  the  nature  of  the  surface  and 
condition  of  the  bulk  fluid.  Correlate  the  data  to 
obtain  an  understanding  of  optimum  materials  interactions 
which  provide  the  lowest  coefficient  of  friction  and 
reduced  wear. 

STATUS:  This  is  a new  project  which  is  being  implemented  and  no 

findings  have  been  obtained. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


JFnction 
I Wear 
• Lubrication 
Surface  Damage 
' Failure 
Fretting 
Erosion 
•Adhesion 
Abrasion 
Fatigue 


Load  Capacity 
Surface  Temperature 
• Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

)Sliding 
I Roiling 
Slide/Roll 
Impact 

_ Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

f Load/Pressure 
Velocity 
Temperature 
Environment 
5 Dist/Time/Amp 
Geometry 
7.  Finish/Lay 


I Composition 
' Structure 
• Physical  Properties 
•Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


lubrication 

) Unlubricated 
' Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  TME  GPFtCn  or  THin)  PocyMC»t»C  PiciHr 

f/CTTtMC  Cai2>r?o 

Name:  kJ.  i.  Affiliation:  Pr*f. 

Address:  V.AX.CS.U.  , BcAtirrOvier^  (/A 

Telephone:  *70^-^^ # .t»92. 

Co-/^#jciPAc  iisJvJKsnc4r«Ai  ; M-T.Ft/iCEy 

Project  Goals;  To  determine  parameters  which  influence  the  duration  of  protection 
provided  by  polymeric  films  coated  on  steel  substrates  when  subjected  to  recipro- 
cating motion.  To  determine  the  parameters  which  will  minimize  damage  to  steel 
when  sliding  on  a polymeric  film. 

Approach:  Experiments  in  which  a spherical  surface  reciprocates  on  a flat  surface 

have  been  run.  A wide  variety  of  polymeric  coatings  have  been  applied  to  either 
the  spherical  surface  or  the  flat  surface.  The  parameters  studied  so  far  include 
the  polymer  composition  (all  single  component,  i.e.  no  copolymers  or  composites), 
normal  load,  frequency  and  amplitude  of  motion,  environment  (humidity  and  air 
versus  nitrogen),  and  film  thickness. 

Recent  Findings:  For  all  films,  an  increase  in  load  decreases  the  life  of  a film 
and  an  increase  in  film  thickness  increases  film  life.  For  polystyrene,  film 
thicknesses  below  30  pm  exhibited  a power  relationship  between  life  L and  thick- 
ness t which  is  L a above  30  pm  the  relationship  is  L ot  The  thinner 

films  appeared  to  fail  by  plastic  deformation  while  the  thicker  films  showed  evi- 
dence of  finely  divided  debris  which  may  have  resulted  from  fatique  wear.  The 
life  of  polyvinylchloride  films  is  strongly  affected  by  humidity  with  low  humidity 
giving  film  lives  15  times  greater  than  high  humidity. 

Future  Directions:  The  effect  of  humidity  on  other  polymers  will  be  studied.  Sur- 
face temperatures  will  be  measured  in  reciprocating  contacts  using  the  infrared 
microscope . 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

CD  Friction 

11.  Load  Capacity 

1.  Sliding 

Q Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

0 Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

Reciprocating 

Fretting 

16.  Life 

6.  Oscillating 

A Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

CO  Load/Pressure 

recomposition 

Q Unlubricated 

Velocity 

Structure 

2.  Liquid  Lubrication 

3 Temperature 

Physical  Properties 

3.  Gas  Lubrication 

(0  Environment 

lT  Thermal  Properties 

4.  Grease  Lubrication 

Dist/Time/Amo 

Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

icT  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Fmish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 
Name: 

Address:  ^ 

Telephone:  ^ 


/4-  enje/ 
r^di'^cfr 

-foU 


Affiliation:  i/^!^  A-^-. 


C-^er 


cnA~<S 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 
iZiUjoar 

3.  Lubrication 
(X^urface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10.  Fatigue 

Load  Capacity 

12.  Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Lite 

17.  Filtration 

16.  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

^ Sliding 

2.  Rolling 

3.  Slide/Roll 
(4^  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(S<  Load/Pressure 
& Velocity 
^ Temperature 
^Environment 
^ Dist/Time/Amp 
Geometry 
<lJ  Finish/Lay 

Composition 

Structure 

Physical  Properties 

Thermal  Properties 
^ Chemical  Properties 

13.  Other  (Please  Specify) 

Qj  Unlubricated 

07  Liquid  Lubrication 
u.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 

100 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  Information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Friction^  Wear,  and  Lubrication  of  Valve  Train  Components 

Name:  Rick  Erickson  Affiliation;  Norton/TRW  Ceramics 

Address:  1 455  East  185  Street,  Cleveland,  Ohio,  44110 
Telephone:  (21  6)  692-4798 


The  goal  of  this  program  is  to  develop  commercially  feasible  ceramic 
components  for  use  in  internal  combustion  engines.  Our  emphasis  will  focus 
on  the  valve  train  components  of  heavily-loaded  engines  and  those  engines 
which  are  designed  to  operate  under  reduced  oil  lubrication. 

Our  approach  employs  laboratory  simulations  to  screen  various  ceramics 
for  use  as  valves,  valve  guides,  rocker  arm  fulcrums,  and  cam  followers. 
Actual  engine  tests  will  then  be  performed  on  the  most  promising  ceramic 
candidates  to  confirm  their  applicability. 

Now  in  its  fifth  month  of  activity,  this  program  is  currently  addressing 
the  development  of  valid  laboratory  experiments  to  simulate  the  wear 
mechanisms  observed  in  actual  engine  components. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

Qj  Friction 

Load  Capacity 

Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13.  Contact  Stress 

Slide/Roll 

Surface  Damage 

14.  Film  Formation 

^ Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

© Load/Pressure 

® Composition 

1.  Unlubricated 

© Velocity 

® Structure 

Liquid  Lubrication 

Q Temperature 

Physical  Properties 

3.  Gas  Lubrication 

® Environment 

Cm  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

Chemical  Properties 

5.  Sohd  Lubrication 

(^^Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Friction,  Wear,  and  Lubrication  of  Valve  Train  Components 

Name;  Rick  Erickson  Affiliation;  Norton/TRW  Ceramics 

Address;  1^55  East  185  Street,  Cleveland,  Ohio,  44110 
Telephone;  (21  6)  692-4798 


The  goal  of  this  program  is  to  develop  commercially  feasible  ceramic 
components  for  use  in  internal  combustion  engines.  Our  emphasis  will  focus 
on  the  valve  train  components  of  heavily-loaded  engines  and  those  engines 
which  are  designed  to  opef'ate  under  reduced  oil  lubrication. 

Our  approach  employs  laboratory  simulations  to  screen  various  ceramics 
for  use  as  valves,  valve  guides,  rocker  arm  fulcrums,  and  cam  followers. 
Actual  engine  tests  will  then  be  performed  on  the  most  promising  ceramic 
candidates  to  confirm  their  applicability. 

Now  in  its  third  month  of  activity,  this  program  is  currently  addressing 
the  development  of  valid  laboratory  experiments  to  simulate  the  wear 
mechanisms  observed  in  actual  engine  components. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

(2^Friction 

r?Swear 

Lubrication 

Surface  Damage 

ST  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

(Th  Sliding 

Q^Rolling 

3.  Slide/Roll 

4.  Impact 

5 Reciprocating 
d’/ Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

Velocity 

Temperature 

Environment 

5.  Dist/Time/Amp 

6 Geometry 
(7^  Finish/Lay 

8 Composition 

9.  Structure 

10  Physical  Properties 

11.  Thermal  Properties 

Chemical  Properties 

13  Other  (Please  Specify) 

(T)  Unlubricated 

Liquid  Lubrication 

Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  T/fpE  Co /Pz>^/{J^ 

Name; 


Address; 

Telephone;  l/(  f -'hofv 


Affiliation;  CCOr^/=> 

<7 or  C/7y 

M^aSc^.retrrai^'f  ^e,CLc/ 

Aitcf  i/j  a'^/e^/eHC£  o., 


fuca-Ti'^  jejune"!-  ^ 

^ C^OAx^cTe/'.^/^ij  s-r<L  . 

Ci/^o(  6'f^Li  _ 

, ” ":l/ 


es 


^/d> 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION: 


-nction 
i/ear 

.ubrication 
surface  Damage 
Failure 
Fretting 
Erosion 
8 Adhesion 
(^^Abrasion 
10.  Fatigue 


^TT^oad  Capacity 
i5^  Surface  Temperature 
13  Contact  Stress 
<33PFilm  Formation 
15.  Oil  Analysis 
16  Life 
17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


C^[)Sliding 
2 Rolling 
Slide/Roll 
^3:?  Impact 
5.  Reciprocating 
CUT)  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


LUBRICATION: 


l^oad/Pressure 
^^^felocity 
3 Temperature 
(^^Environment 
^■5  Dist/Time/Amp 
^^Geometry 
rT  Finish/Lay 


8 Composition 

9 Structure 

(^^T^Physical  Properties 
11  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


niubricated 
iquid  Lubrication 
^Gas  Lubrication 
4 Grease  Lubrication 
^S^olid  Lubrication 
' ^ Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Fretting  Fatigue  Life  Prediction  Analysis 

Name:  Prof.  Thomas  N.  Farris  Affiliation:  Purdue  University 

Address;  Dept,  of  Aero/Astro,  Grissom  Hall,  West  Lafayette,  IN  A7907 
Telephone;  (317)  494-5134 

Life  predictions  for  mechanical  components  subject  to  fretting  fatigue  are 
conducted.  These  will  be  combined  with  future  fretting  experiments  at  the 
Northwestern  University  Center  for  Engineering  Tribology.  Recent  findings  include 
a detailed  surface  stress  state  relevant  to  fretting  fatigue.  Future  directions 
include  the  determination  of  benefits  derived  from  the  use  of  new  engineering 
materials  in  fretting  fatigue  configurations.  The  effect  of  surface  roughness, 
lubrication,  thermal  properties  and  chemical  properties  on  fretting  will  also  be 
considered  in  the  future. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 
(2,/ Wear 

3 Lubrication 

4 Surface  Damage 
/^Failure 

LfiJ  Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

Life 

TT  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 
^ Rolling 

3.  Slide/Roll 

4.  Impact 

5. ^  Reciprocating 
(b)  Oscillating 

!.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

^ Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 
^^Geometry 

Finish/Lay 

8 Composition 
^9^  Structure 
iTJ^  Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13  Other  (Please  Specify) 

Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  . 

Name:  ^ CL.  Affiliation:  Ccr^. 

Address:  A ' 

Telephone: 


■ To 


w 


Volor \ ^ — - i - 


Ik  uUW 


L 


IvWjl'-^  C\ 


r 


(h 


■ f? 


■ ■■"  - III  I 

j fijj  ir)Js  01,  LLrJ-cy  roSf/te 


Llr'K^^N^  0*,  ii<  sitJ 

^ C!«ci  ioLfv  C.£s^A  "(or  €^l:<‘>ePvA  {t(^PCr<^-Jor^  CChcl'i  V( 


o-S 


?xi 


AVl 

ut'A' 


,5.0 


iS 


ttUyOO--: 

e:^c..Ci  "ty  Q ^ 

■^^A.  /aO.  JJ  4jor^  iof^ijr'n 


t” ^ 


A A'  I ( 


^V\CL  V.<cLnvnAo 


t A 


K( 


€-  ' 


^'fCpJc  \ 


ov/e 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

Load  Capacity 

CD  Sliding 

2.  Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14,  Film  Formation 

4.  Impact 

Failure 

Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

C^Lile 

6.  Oscillating 

7.  Erosion 

0 V Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

Ifl,  Noise 

9.  Abrasion 

Leakage 

10.  Fatigue 

zlT  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(j?  Load/Pressure 

8 Composition 

1.  Unlubricated 

Z Velocity 

9.  Structure 

(2}  Liquid  Lubrication 

Temperature 

10.  Physical  Properties 

T Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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PROJECT  TITLE:  Tribology  of  Ceramics 


Name:  T.E.  Fischer 


Affiliation:  Exxon  Res.  Eng.  Co. 


S.  Jahanmir 
M.P.  Anderson 
R.  Salher 


Annandale,  NJ 
(this  is  old  address) 


Basic  Research.  Pin  on  disc  apparatus.  Low  sliding  speeds  for  isothermal 
conditions.  Vary  the  environment  and  the  physical  and  chemical  properties  of 
materials.  Dry  sliding  and  model  lubricants  (HjO  and  hydrocarbons). 

Findings:  chemical  interactions  of  ceramics  with  environment  are  important  in 
wear.  Oxide  ceramics  undergo  tribochemical  reactions;  their  wear  rate 
decreases  100  fold  when  humidity  is  present.  Oxide  ceramics  are  subject  to 
stress  corrosion  cracking;  their  wear  rate  increases  strongly  when  humidity  is 
present . 

Wear  resistance  of  Zircornia  increases  with  fourth  power  of  toughness. 

PROJECT  TITLE:  Hydrodynamic  Lubrication  by  Liquid  Crystals. 

Name:  T.E.  Fischer 

S.  Bhattacharya 
Exxon  Res.  Eng.  Co. 

Lubricated  sliding  represents  a very  anisotopic  flow  of  liquids.  Anisotropy  in 
fluids  (such  as  liquid  crystals  or  fluids  composed  of  large  anisotropic 
molecules)  should  present  interesting  new  behaivor  not  predicted  by  the  ories 
of  Newtonian  flow. 

Experiments  with  smectic  liquid  crystal  showed  strong  qualitative  departure 
from  classic  theory:  equivalence  of  viscosity  and  velocity/load,  which  is  the 
basis  of  the  Stribeck  curve,  does  not  apply.  Hydrodynamic  lubrication  is 
extended  to  much  lower  velocities.  Friction  coefficient  in  hydrodynamic  regime 
is  independent  of  sliding  velocity  in  first  approximation. 

Future  Directions:  At  Stevens  Institute  of  Technology. 

Ceramics:  Predominance  of  brittle  fracture  and  lack  of  plastic  deformation 
render  invalid  the  traditional  theories  of  wear.  Load  dependence  in 
particular,  is  an  important  consideration  since  local  overload  can  lead  to 
destruction  of  bearing. 

Thermal  effects  in  high  velocity  sliding  have  not  been  investigated 
systematically.  Early  work  by  Aronov  shows  the  importance  of  such  effect,  but 
is  sketchy. 

We  will  investigate  dry  and  lubricated  sliding  of  ceramics  under  varying  loads 
and  velocities,  coupling  these  experiments  with  theoretical  work,  we  will 
endeavor  the  elaboration  of  a model  of  friction  and  wear  of  ceramics.  The  main 
benefit  of  this  model  will  be  to  provide  designers  with  guidance  on  the  proper 
utilisation  of  ceramics  in  tribology. 
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High  temperature  ceramic  tribology. 

The  chief  advantage  of  ceramics  is  in  high  temperature  applications.  Because 
of  experimental  difficulties,  little  scientific  work  has  yet  appeared  in  the 
literature.  We  intend  to  extend  our  studies  on  the  mechanical  and  chemical 
aspects  of  ceramic  tribology  to  temperatures  up  to  1200°C  (1500K). 

Basic  Science  of  lubrication. 

We  intend  to  build  on  our  work  with  liquid  crystals  and  work  towards  a theory 
of  hydrodynamic  lubrication  by  fluids  with  complex  molecules.  Our  approach 
will  be  to  approximate  fluid  flow  from  the  high  shear  end  and  to  make  full  use 
of  the  anisotropy  of  the  situation.  (This  work  will  probably  occur  in 
collaboration  with  Professor  David  Tabor). 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Fluid  Film  Bearings 

Name:  Ronald  D.  Flack,  Jr.  Affiliation.  University  of  Virginia 

Address:  Dept,  of  Mechanical  & Aerospace  Engr.,  Thornton  Hall,  McCormick  Road, 
Telephone:  (gOA)  924-6213  Charlottesville,  VA  22901  USA 


The  objective  of  the  research  is  to  experimentally  evaluate  different 
types  of  fluid  film  bearings.  Two  rigs  are  used:  a flexible  rotor  and 
a rigid  rotor.  The  first  is  to  evaluate  rotor  dynamic /bearing  performance 
including  stability  and  unbalance  response.  The  second  is  to  evaluate 
strictly  the  bearing  performance.  Currently  internal  pressures, 
temperatures,  film  thickness  profiles,  etc.  are  measured.  The  rig  is 
being  modified  to  include  dynamic  coefficient  measurement  capabilities. 

Data  is  compared  to  theory  for  the  evaluation  of  the  prediction  techniques. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

1.  Friction 

Load  Capacity 

^J^Sliding 

2 Wear 

ys) 

Surface  Temperature 

2^  Rolling 

Lubrication 

X Surface  Damage 

13 

Contact  Stress 

3.  Slide/Roll 

14. 

Film  Formation 

4 Impact 

5 Failure 

15. 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16. 

Life 

Oscillating 

7.  Erosion 

17. 

Filtration 

r Other  (Please  Specify) 

8.  Adhesion 

18. 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

Load/Pressure 

8 

Composition 

1 Unlubricated 

2 Velocity 

Structure 

(^Liquid  Lubrication 

Temperature 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

vl) 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 
Geometry 

12 

Chemical  Properties 

5 Solid  Lubrication 

13. 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  High  Load/Thrust  Bearing  Damper  Test  Rig 


Name;  David  P.  Fleming 
Address;  21000  Brookpark  Rd., 
TeleDhone  ';ie''eland,  Bh  4413^ 

Teieptione.jjjgj  433-6013 


MS  23-3 


Affiliation;  NASA  Lewis  Research  Center 


A test  rig  has  been  designed  and  built  to  evaluate  shaft  dampers  carrying 
higher  than  normal  rotating  loads  combined  with  steady  thrust  loads.  Dampers 
to  be  tested  may  include  fluid  film  and  elastomeric,  suitable  for  high  loads 
(e.g.,  from  blade  loss)  or  for  use  with  thrust  bearings  of  aircraft  turbine 
engines. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1. 

Friction 

^ Load  Capacity 

1.  Sliding 

2. 

Wear 

12.  Surface  Temperature 

2.  Rolling 

3 

Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4 

Surface  Damage 

14  Film  Formation 

4 Impact 

5 

Failure 

15  Oil  Analysis 

5.  Reciprocating 

6 

Fretting 

16  Life 

Oscillating 

7. 

Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 

Adhesion 

18  Noise 

9 

Abrasion 

IS  Leakage 

10 

Fatigue 

(20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

Load/Pressure 

8 Composition 

1.  Unlubricated 

Velocity 

9.  Structure 

Liquid  Lubrication 

Temperature 

10  Physical  Properties 

4.  Gas  Lubrication 

4 

Environment 

11  Thermal  Properties 

4.  Grease  Lubrication 

5 

Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6 

Geometry 

13.  Other  (Please  Specify) 

Other  (Please  Specify) 

7. 

Finish/Lay 

Elastomer 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE. 

Name;  Dr.  Donald  G.  Flora  Affiliation,  cgj^eral  Electric  Corapany 

Address:  P.O.  Box  8,  Schenectady,  NY  12301  Corporate  R8D 

Telephone:  (518)387-5938 

Project  Goals.  Reduce  the  cost  of  raachining  by  minimizing  the  need  for  human 
involvement  in  the  process.  The  objectives  are  to  increase  manufacturing 
productivity  through  more  effective  machining,  to  develop  new  products  for 
the  automated  factory  market,  and  to  increase  machined  part  quality  by 
increased  precision  in  machining. 

Approach,  Develop  and  use  sensor  systems  to  monitor  and  control  machining 
processes,  capture  knowledge  in  computer  systems  for  automated  part  programming 
and  for  guiding  chip  control,  and  develop  new  cutting  tools  and  systems  for 
precision  manufacturing. 

Progress,  A machine  tool  monitor  for  tool  touch  and  tool  break  detection  has 
been  developed  and  is  being  applied  in  manufacturing.  Rules  for  automatic 
part  program  generation  have  been  developed  for  many  specific  applications. 
Candidate  sensor  systems  for  monitoring  of  machining  center  operations  are 
being  selected.  These  sensor  systems  will  be  applicable  to  other  tribological 
systems  also.  In  precision  machining,  ultra-smooth  surfaces  are  being  produced. 

Future  Direction,  In-process  sensor  systems  for  monitoring  tool  wear,  work- 
piece  dimensions  and  surface  finish  will  be  developed  along  with  methods  for 
using  these  data  to  control  the  machining  process. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

G Friction 

11. 

Load  Capacity 

Sliding 

Wear 

12 

Surface  Temperature 

T Rolling 

Lubrication 

Contact  Stress 

3 Slide/Roll 

& Surface  Damage 

14 

Film  Formation 

(^Impact 

d)  Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16 

Life 

6 Oscillating 

7.  Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

Q;  Load/Pressure 

Composition 

^ Unlubncated 

l^i  Velocity 

Structure 

Liquid  Lubrication 

Temperature 

Physical  Properties 

Qj  Gas  Lubrication 

Environment 

(1  U Thermal  Properties 

^ Grease  Lubrication 

5 Dist/Time/Amp 

(12. 

Chemical  Properties 

Solid  Lubrication 

(£u  Geometry 

T3 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

(7,'  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name.  6?^^. P F^.  P.  T7r6  c c 

Address;  ^ /Jif  c:a. 

Telephone; 

F/2^J^cT-  C^ACS^Ce-  TO  (pSTA/^  A^A^>ai.OL.e7>d^B-  cP /=  77/zr 
A-yPO  /F.^LA'Tiy’A^M/P  p^/y<^y^/i'L  Aa^O 

AACyyhdLF^  Aa>A>  y7Ae  App  tpF'  Af/^A-yA^^e 

Aa'P  A4pe- 

^/MPLAr/<yAJ  FA  Ap-U'^l.  AiA€:/y-/yjF<>  a>A  iAAy2Jpp$  yy/^ 
(^MyfA^c^yyyc-  7AA  aAia^  yA'F^AF^'r^  A^L^7Z7>AAMyF^  ^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


TYPE  OF  MOTION 


fT'T^nctidn;) 

C2  Wear^ 
3~~Lu5rication 
^''4~^iirTaC6  Damagg^ 
.Failure  F 


6 _ Fretting 


7 Erosion 


Adhesion  > 

Abrasioh~^ 


Fatiguj 


Load  Capacity"^ 

i2 

burtace  Temperature 

Cl3  Contact  Stress^ 

14 

Film  Formation 

15 

Oil  Analysis 

rTT 

Life^ 

Filtration 

18 

Noise 

19 

Leakage 

20. 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 


CT  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 
OscillattTttr-^ 

7.  Other  (Please  Specify) 


LUBRICATION 


Load/PressTjr£? 
C2-  Velocity  P 
C^3  TemDeraturg~^ 
Environment^ 
Dist/Time/Amp~3 

deometry ' 

~Fini5n7ray;i 


Cg  Compositiorr^ 

Structure  '5! 

Hhvsicai  Pi%pgiln?9- . 

J1  Thermal  Propertigg~r 
;^2  Chemical  PropertiesJ]!; 
utner  (Please  Specify) 


<rj^^nlubricate'3~> 

Liquid  LubricjTTOn-^^ 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


r<ssStv. 


Name; 

Address. 

Telephone: 


.oo>J5j^ 

Affiliation: 

’?\vKv/v  v\\s 


Q3:;cS;- 


cac 


CvntC 


^ 'T^o»c  V_Ci..Vv.\£oc^c\  ^ <C.  C ^ Vo  ^ 

QXjSjSj^^  \>O^^K  ^ ^ 'A^O^OCO  ^ few 

'C  ^ feoT'v  ' 

\Jvoo^Kv---  o-J5^ 

VSL>0*Sii>  --n  '>^  - - 


O.Qb^OvX  ^^0.•^  ^0.^3  ^VsX  CXA^ 

cS"' b boo  v;;9s\\  v'^oo  c 

CjosSL  'JsQSXjSoj^  '%*id3V « \f'U>C>^  ^>^o3b!3iJ5iS 

OooC^  <^>-  Wsjv  \aj§C!L.no>ww 

Vi'R  \^)^JiSOsN>^L3Jw. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 
^ VNear 

Qi  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

^^^atigue 

Load  Capacity 

12.  Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15^  Oil  Analysis 

QD  Life 

17.  Filtration 

16.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 
^ Rolling 
(2)  Siide/Roli 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

Load/Pressure 

2.  Velocity 
(X/Temperature 

4.  Environment 

5 Dist/Time/Amp 
Geometry 
^^inish/Lay 

6.  Composition 

9.  Structure 

10.  Physical  Properties 

1 1 . Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 
^^iquid  Lubrication 
sT  Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  /?€Ot4 oti 

Name:  Affiliation:  ~ iBofftccU^cn-p/t  /Zti/ifttcLf. 

4¥-3 S' M c H Aue^  orZ*nxi~i 

Telephone:  ^03'a&C?-7^& 

/,yHT.e^^  rt.  CH/P  PSf^O  TO  pAOt:}act£  PulR 

f^ofi  AJeiVsPn/^T,  At  j.f?y>sT  ^s%  OA  t/4X£  KAj.zrzx^y  /s  Ot o 
jP/Fy*-T^  ITHCu&yft  O'0/V<r  / S fS  i tr . tH^ 

(^rTF/r^flA  c aT  s -j-T-^rcU  ^T  TAC 

OOO  Pc  P /S  ^ ^ai.iCi  AUr^  /Zt  Cyn-  r^-r,  U Pu  aj  OAptrtAJ  /6^^/AJk^ 

r/y^P/zy  J s HOiO  A6-,OCO  p'r~  FF.PPai/^/x:/0~Tytu  DAT A . T/j 

^ ^'X~^  J5,  TO  JOfTSl^/O  7-/-//r  PS/^ymi /OCt  ^urzFyf-C/^  s>  70  /t^Pyt-tzT 

/E-A./r«^r  TC  TH,z  P^Ticurzi  /EyArcKyyr 

A'y'r^  yi.  p-euj  f>Erzci^<~yr  , yy  pnou /t  y^ r ccu^o  ^yy^/z  Muuy>n.caz 
OP  PfiPLtoA^i  CF  DOLuyynSz  p.  Ar  A^aoss  thf  ,y^iOui7Ay, 


(Please  Circle  All  Appropriate  Parameters) 


TYPE  OF  MOTION: 


<;j?  Sliding^ 

2T>Dttinf 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

LUBRICATION: 

( 1.  Load/Pressure 

8.  Composition 

1.  Unlubricated 

( — 2 Velocil^-==ii. 

9.  Structure 

2.  Liquid  Lubrication 

'TTT T emperature  _?* 

(in  pfiysiral  Propeclies  ^ 

3.  Gas  Lubrication 

4.  Environment 

tfl . Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

Chemical  Properties'^ 

^5  Solid  Lubrication~^ 

6 Geometry 

7.  Finish/Lay 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

PROCESS  OR  PHENOMENON  BEING  STUDIED: 


•'^TFrictiotTv 

~T~Wear-^ 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 
9 Abrasion 

10.  Fatigue 


Load  Capacity 

jrlace  Temperature 


14.  Film  Formation 

15.  Oil  Analysis 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

FUNDAMENTAL  STUDIES  ON  THE  EFFECTS  OF  THIN  POLYMERIC  SURFACE  FILMS 
PROJECT  TITLE:  in  REDUCING  FRETTING  CORROSION  AND  WEAR 


Dr.  M.  J.  Furey 

Name: 

Address: 

Telephone:  (703)  961-7193 


_ Dept,  of  Mechanical  Engineering 
Affi  lation.  Virginia  Polytechnic  Institute 
and  State  University 
Blacksburg,  VA  24061 


This  research,  funded  by  the  U.  S.  Army  Research  Office,  consists  of  a systematic  in- 
vestigation of  the  effects  of  thin  polymeric  surface  films  on  fretting  corrosion  with 
steel-on-steel  systems.  The  primary  goal  is  to  attempt  to  understand  the  mechanisms  by 
which  such  films  can  protect  the  surfaces  from  damage.  To  do  this,  a system  has  been 
developed  and  used  for  experimental  studies  of  fretting  corrosion  under  a wide  range  of 
conditions  (e.g.,  load,  frequency,  amplitude,  environment).  Under  high  contact  stresses 
(ball-on-flat  geometry),  fretting  corrosion  of  steel  in  air  occurs  very  rapidly;  it  is 
a severe  tribological  process.  The  use  of  thin  polymeric  coatings  on  steel  can  greatly 
delay  or  completely  prevent  the  onset  of  fretting  corrosion.  Over  20  types  of  polymers 
have  been  studied  to  date.  The  range  in  effectiveness  is  enormous  and  each  polymer 
seems  to  exhibit  its  own  characteristic  behavior.  To  be  effective,  a polymer  coating 
must  be  "durable"  (have  long  life)  and  in  addition  not  cause  or  permit  fretting  corro- 
sion to  occur  at  the  polymer/steel  interface.  In  a five-factor,  two-level  designed 
experiment,  it  was  found  that  load,  frequency,  amplitude,  film  thickness,  and  relative 
humidity  all  had  significant  effects,  with  several  significant  interactions  existing. 
All  the  results  taken  together  show  the  severity  and  complexity  of  the  process,  demon- 
strating the  importance  of  both  (a)  physical/mechanical  behavior  and  (b)  chemical  ef- 
fects under  fretting  conditions.  There  are  several  surprises  and  unexpected  findings. 
In  future  research  in  this  area,  we  would  like  (if  additional  funding  is  obtained)  to 
(a)  model  the  physical/ chemical  processes  which  can  occur  with  thin  layers  of  polymers 
on  steel  substrates,  (b)  explore  the  use  of  in  situ  polymerization  as  a replenishment 
mechanism,  and  (c)  couple  this  research  with  an  IR  system  for  surface  temperature  meas- 
urements. Our  ultimate  goal  is  to  understand  the  tribological  processes  well  enough  so 
that  fretting  and  fretting  corrosion  in  real-world  systems  can  be  prevented  or  mini- 
mized. Associate  investigators  in  this  research  are  Drs.  N.  S.  Eiss  and  H.  H.  Mabie. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


y Friction 
Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
e.  Adhesion 
9 Abrasion 
^ Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 
Other  ( Please 


TYPE  OF  MOTION: 

^ Sliding 
T Rolling 
3.  Slide/Roll 
4 Impact 
^ Reciprocating 
© Oscillating 
r Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

g Load/Pressure 
Velocity 
Temperature 
Environment 
Dist/Time/Amp 
Geometry 
Finish/Lay 


Composition 
Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


iher  (Please  soecitvl  . 


LUBRICATION: 

^Unlubricated 
2 Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 


X 


feW%CTS 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


PROJECT  TITLE: 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

INFRARED  MEASUREMENTS  OF  SURFACE  TEMPERATURES  PRODUCED  BY 
FRICTION  IN  TRIBOLOGICAL  PROCESSES 

Dept,  of  Mechanical  Engineering 

Name:  Dr.  M.  J.  Furey  Affiliation.  Virginia  Polytechnic  Institute 

Address:  and  State  University 

Telephone:  961-7193  Blacksburg,  VA  24061 

Our  research  on  this  topic,  which  began  in  1973 — supported  initially  by  the  U.S.  Army 
Research  Office — was  later  continued  with  support  from  the  National  Science  Foundation. 

The  primary  goals  of  this  research  were  (1)  to  develop  a system  and  experimental  tech- 
niques which  would  permit  the  accurate  measurement  of  surface  temperatures  during  slid- 
ing contact,  (2)  to  use  this  system  to  determine  the  surface  temperatures  produced  by 
sliding  various  well-defined  solids  (e.g.,  pure  polymers,  graphite,  pure  metals,  etc.) 
against  sapphire,  and  (3)  to  compare  the  experimental  results  obtained  with  existing 
surface  temperature  theory. 


A sophisticated  but  flexible  system  built  around  the  use  of  an  infrared  microscope  was 
developed  and  used  extensively  in  this  research.  The  geometry  consists  basically  of  a 
fixed  specimen  loaded  against  a thin  rotating  disc  transparent  to  IR  radiation — in  this 
case,  a sapphire  optical  flat.  The  accurate  determination  of  surface  temperatures  from 
infrared  measurements  is  a difficult  and  complex  task;  over  30  possible  sources  of 
error  were  identified.  But  with  care  and  ingenuity,  valuable  fundamental  information 
can  be  obtained  with  this  method.  As  an  example,  we  have  been  able  to  measure  the 
detailed  temperature  distribution  over  tiny  regions  of  single  model  asperity  and 
Hertzian  elastic  contact  in  well-characterized,  dry  sliding  systems.  In  addition,  a 
data  acquisition/computer  system  has  been  coupled  to  the  IR  device  for  faster  and  bet- 
ter treatment  of  radiance,  emissivity,  friction,  etc.  for  analysis.  The  most  important 
unknown  in  comparing  surface  temperature  theory  and  experiment  is  the  real  area  of 
contact.  Future  directions  of  this  research  (if  funding  is  available)  will  emphasize 
thermal/ chemical  effects  (e.g.,  degradation  of  antiwear  compounds,  tribopolymerization, 
decomposition)  in  the  contact  zone,  using  this  IR  system  and  various  surface  analytical 
techniques  to  study  tribochemical  surface  reactions. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

O Friction  ^ Load  Capacity 

© Wear  ^ Surface  Temperature 

T Lubrication  13.  Contact  Stresa 

^ Surface  Damage  Q Film  Formation 

5.  Failure  15.  Oil  Analysis 

6.  Fretting  16.  Life 

7.  Erosion  17.  Filtration 

8.  Adhesion  18.  Noise 

9 Abrasion  19.  Leakage 

10.  Fatigue  20.  Other  (Please  Specify) 

_ _ XfL 

^ Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure  W Composition 

^ Velocity  cS  Structure 

ffi  Temperature  @ Physical  Properties 

0 Environment  ^ Thermal  Properties 

QJ  Dist/Time/Amp  ^ Chemical  Properties 

Geometry  13.  Other  (Piease  Specify) 

7.  Finish/Lay 

0 Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Oth^f Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE-  BIOTRIBOLOGY:  MECHANISMS  OF  SYNOVIAL  JOINT  LUBRICATION,  WEAR, 
AND  DEGRADATION 


Name: 

Address: 

Telephone: 


Dr.  M.  J.  Furey 
(703)  961-7193 


Affiliation:  Engineering 

Virginia  Polytechnic  Institute 

and  State  University 
Blacksburg,  VA  24061 


The  term  "biotribology"  could  be  used  to  describe  biological  lubrication  processes  such 
as  those  involved  in  the  action  of  synovial  or  movable  joints  (e.g.,  human  hips  and 
knees).  Unfortunately,  there  is  little  known  about  the  lubrication  of  synovial  joints. 
More  than  two  dozen  theories  have  been  proposed  to  explain  synovial  joint  lubrication. 
Most  of  these  are  strictly  mechanical  or  rheological,  generally  ignoring  the  complex 
biochemistry  of  the  system,  and  usually  preoccupied  with  friction. 


The  overall  goal  of  this  research—which  was  funded  initially  by  a grant  from  the  Lane 
Foundation  and  later  from  the  Mathers  Foundation — is  to  explore  possible  connections 
between  tribology  and  the  action  and  possible  degeneration  (e.g.,  osteoarthritis)  of 
synovial  joints.  In  a sabbatical  study  carried  out  at  the  Children's  Hospital  Medical 
Center,  Harvard  Medical  School,  I determined  the  effects  of  various  synovial  fluid 
constituents  on  cartilage  wear  (not  friction)  in  "in  vitro"  experiments  with  bovine 
cartilage.  The  work  was  carried  out  in  collaboration  with  Dr.  David  Swann  of  the 
Shriners'  Burns  Institute  and  Harvard  Medical  School.  The  results  of  this  study  show 
that  the  biochemical  composition  of  the  test  fluid  has  a significant  effect  on  carti- 
lage wear  (determined  from  biochemical  analysis)  and  on  cartilage  wear  (determied  from 
scanning  electron  microscopy). 


Future  directions  will  hopefully  include  additional  studies  of  tribological  phenom- 
ena— chiefly  wear  and  damage — in  tests  with  cartilage-on-cartilage.  This  could  be  done 
in  cooperation  with  the  Virginia-Maryland  College  of  Veterinary  Medicine  located  here 
at  VPI&SU.  A better  understanding  of  how  normal  synovial  joints  function  from  a tribo- 
logical point  of  view  could  conceivably  lead  to  advances  in  the  prevention  and  treat- 
ment of  osteoarthritis,  as  well  as  in  partial  and  total  joint  replacement. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

r Friction  11.  Load  Capacity 

Q Wear  12.  Surface  Temperature 

^ Lubrication  13.  Contact  Stress 

® Surface  Damage  14  Film  Formation 

6.  Fretting  16.  Life 

7.  Erosion  17.  Filtration 

a Adhesion  18.  Noise 

Q)  Abrasion  19.  Leakage 

(§/  Fatigue  20.  Other  (Please  Specify)  . , ^ 

pinrYteWifAi.”mMl«S 

TYPE  OF  MOTION: 

^ Sliding 

2.  Rolling 

3.  Slide/Roli 
^ Impact 

0 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

O Load/Pressure  W Composition 

Velocity  @ Structure 

a Temperature  10.  Physical  Properties 

0 Environment  11.  Thermal  Properties 

(S)  Dist/Time/Amp  12.  Chemical  Properties 

6.  Geometry  13.  other  (Please  Specify) 

7.  Finish/Lay  BlOCfeWTO 

LUBRICATION; 

V Unlubricaled 
© Liquid  Lubrication 

Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 

Si/NOVlAi-  FwD 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

TRIBOPOLYMERIZATION  AS  A MECHANISM  OF  BOUNDARY  LUBRICATION 

PROJECT  TITLE; 


Dept,  of  Mechanical  Engineering 

Name;  * ’ urey  Affiliation.  Virginia  Polytechnic  Institute 

Address;  State  University 

Telephone;  (703)  961-7193  Blacksburg,  VA  24061 

Research  is  continuing  on  the  concept  of  the  in  situ  formation  of  polymeric  films  as  a 
new  mechanism  of  boundary  lubrication  as  proposed  by  Furey  in  1973.  According  to  this 
concept,  a potential  polymer-forming  compound  (or  compounds)  is  dissolved  at  low  con- 
centrations in  a carrier.  Due  to  the  high  surface  temperatures  in  regions  of  greatest 
contact  and  possibly  to  the  added  catalytic  action  of  freshly  exposed  surfaces,  very 
thin  protective  polymeric  films  will  form  in  these  areas — films  which  continue  to  be 
replenished  after  being  worn  away.  The  polymeric  films  are  deposited  films,  and  their 
basic  function  is  to  reduce  adhesion,  contact,  and  wear  between  solids. 


This  approach  to  boundary  lubrication  involves  the  planned,  intentional  formation  of 
protective  polymeric  films  and  is  not  to  be  confused  with  the  vague  and  unhelpful  term 
"friction  polymer"  which  includes  lubricant  degradation  products.  The  approach  has  led 
to  the  development  of  several  new  classes  of  potent  additives  for  reducing  wear,  in- 
cluding compounds  effective  in  reducing  fuel  pump  wear  in  jet  aircraft. 

During  the  1986-87  academic  year.  Professor  Czeslaw  Kajdas  of  the  Technical  University 
of  Radom  in  Poland,  is  Visiting  Professor  in  our  department  and  working  with  me  in  the 
area  of  tribology — more  particularly,  on  the  chemistry  of  boundary  lubrication.  Dr. 
Kajdas  and  his  group  at  Radom  have  also  been  carrying  out  research  on  tribopolymeri- 
zation  in  recent  years — with  some  evidence  of  effects  of  electrical  phenomena  (e.g., 
electron  and  ion  emission)  on  the  polymerization  process.  We  intend  to  pursue  these 
ideas  in  more  detail  to  learn  more  about  the  tribopolymerization  processes — testing  our 
hypotheses  and  coupling  experimental  work  using  our  infrared  microscope  system  and 
surface  analytical  techniques  to  examine  the  structure  of  this  polymer  films.  This 
research  is  not  funded  at  the  present  time. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


V Friction 
O VVear 
^ Lubrication 

Surface  Damage 
5.  Failure 
6 Fretting 
7.  Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


& 

13. 

o 

15 

16 
17. 
18 

19. 

20. 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


TYPE  OF  MOTION; 

(p  Sliding 
Rolling 

3.  Slide/Roll 

4.  Impact 

^ Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


Load /Pressure 
Velocity 

Qj  Temperature 
Environment 

5.  Oist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 


^ Composition 
Structure 

S Physical  Properties 
Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


L Unlubricated 
(2)  Liquid  Lubrication 
Gas  Lubrication 
^ Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  VOKitc.  Arsas  Or^  Su/£lc.e-  ^V^ip*^y<5^Yn^^^OQ-|V^0^^l►^Q‘Sb!3\;|| 

J k* yxler^ed  -bsetV,  Cod e C ^ J J 

^Gamel  . Affiliation: 


Name:CJo\n  . 

Address:  9^  /^<e/dstor^e  Rd,  \<^05G 

Telephone:  C2.i  5)  9^ 5~-OQ/'& 


Pv^;\a-.,R^  \^\n-sc6^ 

(2.isie^7'73/b 


"I-  <3vn  ivivclveci  tuitU  Qe’qy^  o./^  luloricoirion  '^ordr'KeO.^  . 0>niC 


J—  <3v»n  ivivclv/ej  tuitWi  Q.yod  /uloricacion  /• 

Soc\  i S it^Wodoc^'o  ©"P  So.'^'Tace  “Wavcli^ned  Av\d  <^roonci  Q eOv5  •'r''Lo  U.S, 
OmaI  •Ple^rt,  Hovoever^  piro|>er  \ ukri  Ca't^'o  q od- ^ eo  v^S  a y\a  COup^  1 »nc^S 

Irx^^n  a CoACO'n  O'^'OorS,  o r i ao  ‘S'tuC^  ieS  loocMloS  oT  \y\\iei'e^ 


les  looc'\A  los  o"^  \ v^\:e 
Ov^  0(1^.  CLo/rcnl-  \ olor  iccc^ioA 


\ild\e  \Y^-Vvoo’S>e 


alujays  a Coaco'a  OToors, 

to  alorvQ  ujvtU  ant.-foa,vMv,a  aqe 

O^rz  p^~GxA\ea  OAde.r  e>OC‘::.(de  CoaX/uC^  uj.tV\V€Yy 
lulpricxxtt'oo  -stuci 

TVe  p 

~W^e  C0Y\ce»'AS^^sur^^<^  c\a<nAa<^  Jue'to  > 

o-^C«.luW(cato,>  p^oV.\err^  h'~k  ^-^o<■e  doe -W  ooev  load'.p^and 

elr.y.  ©,js  loitt  td:^e.,e?res‘.ore  oddAfe^ee. 


> ’SCw»C\i€€.-  ^ . Ill  — T- I 1 

above  Project T.'ble  it  o-e-tody  coryioiteJ  by  JoVinGaamel 

l?eseaycLCinW4or(S€«y^.  orVtVeTecW-'cal  ot  ^\oy^icV^,Gcrrrory 

i o;bb,no  Rtt;.,  no-t 


"3 

lvnpvt.pi<" 
Coo 


lay  "tUe  d<$velop^a^  c5^Snnq|\  po/e^  I a tV^e  "tootV^  V'oo't  o*f  gear  taflrl^. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

1.  Friction  ^11.  Load  Capacitilll-^ 

2.  Wear  02.  Surface  Temoerature-j 

TYPE  OF  MOTION: 

1.  Sliding 

2.  Rolling 

3.  Lubrication  /qT^bnta'ctTtresTl^ 

Slide/Holl"^ 

ca  Surface  Damafl^  14.  Film  Formation 

b.  haiiure  Ull  Analvsi5> 

6 Fretting  T6.  LiTe 

7.  Erosion  17.  Filtration 

8.  Adhesion  OTB.  NQisfi_P 

9.  Abrasion  ^IS'TIeakaoe 

10.  Fatigue  'TO'Other  (Please  Specify) 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

1.  Load/Pressure  8.  Composition 

2.  Velocity  9.  Structure 

LUBRICATION: 

Tl.  Unlubricateb^ 
c^.  UQuio  Lubricatlol^j> 

j^.  Temperature 10.  Physical  Prooerties 

4 Environment  11.  Thermal  Properties 

5 Dist/Time/Amp  12.  Chemical  Properties 

,-8't3eometrv'^  13.  Other  (Please  Soecifvl 

7.nFinish/Lay 

3.  uas  Luoricaiion 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  OP  SouD  Lv)C>RtCA-TEb 

Name;  Affiliation; 

Address:  SAmS  A-S 
Telephone: 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION: 


5 Failure 

6 Fretting 

7 Erosion 


15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


5 Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


Adhesion 


Abrasion 
5^  Fatigue 


VARIABLES  CONSIDERED 


LUBRICATION 


1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
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FOREWORD 

This  36-month  interdiscipl Inary  program  is  involved  with  the  investigation 
of  microscopic,  macroscopic  and  continuum  phenomena  which  occur  between  bare  and 
solid  lubricated  ceramic  surfaces  under  a wide  variety  of  triboenvironmental 
conditions.  The  title  of  the  program  is  "Determination  of  Tribological  Funda- 
mentals". DARPA  Order  No.  5177,  AFWAL  Contract  No.  F33615-85-C-5087.  The  start 
date  was  09  September  1985,  and  this  volume  constitutes  the  Second  Semiannual 
Report  on  the  program,  covering  the  period  of  01  May  1986  to  31  October  1986. 

There  are  three  main  program  objectives: 

1.  Define  the  fundamental  principles  through  which  the  friction  and  wear 
mechanisms  of  environmentally  stressed,  bare  and  solid  lubricated  ceramics 
can  be  elucidated. 

2.  Modify  the  solid  lubricated  tribosystems  based  on  the  understanding  of 
fundamental  principles  to  attain  controlled  friction  and  wear  responses 
under  given  thermomechanical  and  atmospheric  conditions;  and 

3.  Advance  the  technology  base  so  that  engineers  can  successfully  and 
confidentially  begin  to  design,  build  and  operate  solid  lubricated 
ceramic  machine  components  for  extreme  environments. 

Although  the  third  of  these  objectives  is  the  driver,  this  basic  materials 
science  program  mainly  Involves  (a)  atomic  (microscopic)  modeling  and  testing  of 
ceramic/solid  lubricant  interface  bonding  effects;  (b)  elucidating  the  macroscopic 
thermodynamics  of  both  the  solid  lubricant  films  and  the  ceramic  substrates:  and 
(c)  determining  the  tangential  shear  behavior  of  ceramic  tribosystems  in  the 
microscopic,  macroscopic  and  continuum  mechanical  regimes  by  specially  developed 
friction  and  wear  test  methods  and  tribometers. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Lv4r 

Name:  Richard  Gates  Affiliation: 

Address:  NIST,  Gaithersburg,  MD  20899 
Telephone:  (301)  975-3677 


UJr 


l^jj 


^ ItJ 


Wl 


f Z' 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION; 


Friction 

Wear 

Lubrication 
Surlace  Dannage 

5.  Failure 

6.  Fretting 

7.  Erosion 
GS^Adhesion 

Abrasion 
10.  Fatigue 


fjit^oad  Capacity 
Z 12.  )Surface  Temperature 

*ontact  Stress 
Im  Formation 
il  Analysis 
16.  Life 
17.  Filtration 
IB.  Noise 
ISj^LeaKage 

('Ztf^ther  (Please  Specify)  Boiif 

'WL<,v 


..Hit 

f'»  ar>e. 


VARIABLES  CONSIDERED: 


(^J^Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


(Load/Pressure 
Velocity 
Temperature 
Environment 
)Dist/Time/Amp 
)Geometry 
7.)Finlsh/Lay 


(^/Composition 
rfj  Structure 
1^  Physical  Properties 
Thermal  Properties 
i^^Chemical  Properties 
<l3JOther  (Please  Specify) 


, lyUnlubricated 
(^Liquid  Lubrication 
3.  Gas  Lubrication 
4^  Grease  Lubrication 
C^^olid  Lubrication 
6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions.  n 


PROJECT  TITLE: 


Name: 


^ Affiliation: 

Address:  /^o/  ' 

Telephone: 


ic^a-L^  fWv-vvL-^ 


//C 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

11.  Load  Capacity 

1.  Sliding 

2.  Wear 

12.  Surface  Temperature 

(^J^Rolling 

3.  Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5,  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(^1  Load/Pressure 

8.  Composition 

1.  Unlubricated 

(3  Velocity 

9.  Structure 

2.  Liquid  Lubrication 

0 Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

Qu  Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  P.  R.  Pyason  Affiliation;  Chevron  Research  Company 

Address;  576  standard  Ave.,  Richmond  CA  94802 
Telephone;  (415)  620-4927 


Tribology  at  Chevron  Research  has  two  parts . One  part  is  concerned  with  friction , 
wear,  ajid  liobrication  in  support  of  product . development , The  other  part  is  fail- 
ure analysis,  in  which  the  types  of  wear  leading  to  failure  are  identified. 

Pin  on  disk  tribometers  are  used  in  the  fundamental  studies.  Friction  and  wear 
measurements  are  made  under  a variety  of  conditions , including  controlled 
environments.  Surface  analyses,  utilizing  modem  techniques,  are  an  integral 
part  of  these  studies . Of  special  interest  are  inferences  as  to  the  surface 
chemistry  of  lubricant  additives  under  tribological  conditions.  Bench  tests  are 
sometimes  designed  and  r\in  in  support  of  product  development. 

Modem  microscopic  and  surface  analytical  techniques  are  also  used  in  the  fail- 
ure analysis  portion  of  this  effort. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


TYPE  OF  MOTION 


Friction 

11. 

Load  Capacity 

Wear 

12. 

Surface  Temperature 

Lubrication 

dt) 

Contact  Stress 

Surface  Damage 

Film  Formation 

Failure 

15. 

Oil  Analysis 

Fretting 

16 

Life 

Erosion 

17. 

Filtration 

'Adhesion 

18 

Noise 

'Abrasion 

19 

Leakage 

''Fatigue 


20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


M^Sliding 
^.^olling 
^^hde/Roll 
4 Impact 
5.  Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION 


(yir  Load/Pressure 
(^■^Velocity 
•..-^temperature 
C_4^Environment 

5 Dist/Time/Amp 

6 Geometry 
7.  Finish/Lay 


8 Composition 
9.  Structure 

10  Physical  Properties 

11  Thermal  Properties 
‘Chemical  Properties 

13.  Other  (Please  Specify) 


1 Unlubricated 
(^Liquid  Lubrication 
^5l.Gas  Lubrication 
u^Orease  Lubrication 
Q5__Solid  Lubrication 
6 Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  INTERDISCIPLINARY  RESEARCH  ON  THE  FUNDAMENTALS  OF  SLIDING  WEAR 


Name;  W.  A.  G1  aesar 
Address;  505  King  Avenue 
Telephone4  24-461 9 


Affiliation;  Battel  le  Memorial  Institute 


A joint  project  with  Ohio  State  University  Metallurgy  Department  is  being  conducted 
to  determine  fundamental  mechanisms  in  wear  of  metals  in  sliding  contact.  Battelle 
is  concerned  with  lubricated  wear  and  Ohio  State  University  is  concerned  with  dry 
wear.  The  project  goal  is  to  develop  models  based  on  material,  physical,  and  mechani- 
cal properties  to  describe  the  wear  process.  Recent  findings  include  definition  of 
transfer  layers  (their  similarity  with  mechanically  alloyed  systems),  evidence  of 
rotation  of  subgrains  during  deformation  at  near  surface  zone  under  the  wear  contact, 
and  the  formation  of  gel  structures  containing  submicron  metal  particles  from  sur- 
face active  lubricants  and  their  deposition  on  metal  surfaces  during  boundary 
lubrication. 

Future  directions  include  analytical  study  of  microfracture  processes  involved  in 
high  strain  deformation.  The  consideration  that  fracture  of  highly  strained  material 
involves  void  formation  and  growth  of  cracks  at  microstructural ly  significant  loca- 
tions. Analysis  also  considers  comminution  of  wear  debris  trapped  in  the  contact 
area.  Preliminary  calculations  show  a minimim  size  of  about  6 mm,  close  to  experi- 
mental observation. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


iz. 


''  Friction 
I Wear 
Lubrication 
I Surface  Damage 
: Failure 
Fretting 
7,  Erosion 
(2^  Adhesion 
C 9,^Abrasion 
10  Fatigue 
T»AsfSFejt. 


11.  Load  Capacity 

12.  Surface  Temperature 
<7^  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 
19  Leakage 

, 20  Other  (Please  Specify)  ^ « -e 

ME MCE  Miai.6sT/^ttLT^tE 


VARIABLES  CONSIDERED 

Load/Pressure 
1 Velocity 
' Temperature 
>Environment 
Dist/Time/Amp 
CD  Geometry 
7.  Finish/Lay 


I Composition 
' Structure 

)Physical  Properties 
Thermal  Properties 
^Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

© Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION 

fUnlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


9 


I 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  / rt 

Name, 

Address'  Cli 

Telephone: 


Affiliation: 


£)e<^crn7fnc>  C t 

6 o^n 


CiC 


C-W^raot^  t>n  ti-'a 


4 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

(Jj  Friction 

11.  Load  Capacity 

C^J  Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4 Surface  Damage 

Film  Formation 

4 Impact 

5.  Failure 

IS  Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9 Abrasion 

19.  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

(V  Load/Pressure 

8 Composition 

1 Unlubricated 

Qy  Velocity 

9.  Structure 

d^iquid  Lubrication 

Temperature 

10.  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

IS  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions.  ^ 

PROJECT  TITLE: 

Name:  Dr.  Itzhak  Green  Affiliation:  Georgia  Tech 

Address:  School  of  Mechanical  Engineering,  Georgia  Tech,  Atlanta,  GA  30332 

Telephone:  (40A)  894-6779 


Mechanical  face  seals  can  be  categorized  by  three  basic  configurations 
regarding  their  dynamic  behavior.  These  categories  are  (1)  the  flexibly-mounted 
stator,  (2)  the  flexibly-mounted  rotor,  and  (3)  the  flexibly-mounted  stator  and 
rotor.  While  a comprehensive  dynamic  solution  for  the  flexibly-mounted  stator 
configuration  has  been  recently  been  completed,  the  dynamic  solution  of  the  other 
two  configurations  will  be  the  objective  of  this  program.  First,  analytical  solution 
of  the  equations  of  motion,  based  on  small  perturbations  which  result  in  linearized 
stiffness  and  damping  coefficients  of  the  lubricating  film,  will  be  obtained.  This 
solution  will  provide  very  good  insight  and  useful  mathematical  expressions  for 
quick  prediction  and  estimation  of  the  seal  performance  (stability  threshold  and 
steady  state  response) . A computer  simulation  program  will  then  be  added  to 
account  for  nonlinear  effects  such  as  cavitation,  curvture,  and  the  coupled 
equations  of  motion  resulting  from  finite  disturbances  of  the  flexibly-mounted 
seal  element (s).  A comparison  between  the  analytical  solution  and  the  numerical 
simulation  will  be  made  to  singling  out  the  range  of  validity  of  the  analytical 
solution.  This  research  program  will  extend  our  knowledge  about  the  dynamic 
behavior  of  two  additional  and  promising  seal  configurations. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

(ij)  Load  Capacity 

Q}  Sliding 

2.  Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

^ Surface  Damage 

14.  Film  Formation 

4.  Impact 

- 

Failure 

15.  Oil  Analysis 

5.  Reciprocating 

Fretting 

16.  Life 

Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9 Abrasion 

Leakage 

10.  Fatigue 

2tr  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

© Load/Pressure 

8.  Composition 

1.  Unlubricated 

^ Velocity 

Structure 

^ Liquid  Lubrication 

Temperature 

Physical  Properties 

@ Gas  Lubrication 

4 Environment 

Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

TZ  Chemical  Properties 

5.  Solid  Lubrication 

Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goats,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  "Dynamic  Analyses  of  the  Flexibly-Mounted  Rotor,  and  the  Flexibly- 
Mounted  Stator  and  Rotor  Mechanical  Face  Seals" 

Name;  Dr.  Itzhak  Green  Affiliation;  QgQpg.jg 

Address;  School  of  Mechanical  Engineering,  Atlanta,  6A  30332 
Telephone;  404-894-6779 

Mechanical  face  seals  can  be  categorized  by  three  basic  configurations  regarding 
their  dynamic  behavior.  These  categories  are  (1)  the  flexibly-mounted  stator,  (2) 
the  flexibly-mounted  rotor,  and  (3)  the  flexibly-mounted  stator  and  rotor.  While  a 
comprehensive  dynamic  solution  of  the  other  two  configurations  will  be  the  objective 
of  this  program.  First,  analytical  solution  of  the  equations  of  motion,  based  on 
small  perturbations  which  result  in  linearized  stiffness  and  damping  coefficients 
of  the  lubricating  film,  will  be  obtained.  This  solution  will  provide  very  good 
insight  and  useful  mathematical  expressions  for  quick  prediction  and  estimation 
of  the  seal  performance  (stability  threshold  and  steady  state  response).  A 
computer  simulation  program  will  then  be  added  to  account  for  nonlinear  effects  such 
as  cavitation,  curvature,  and  the  coupled  equations  of  motion  resulting  from  finite 
disturbances  of  the  flexibly-mounted  seal  element(s).  A comparison  between  the 
analytical  solution  and  the  numerical  simulation  will  be  made  to  singling  out  the 
range  of  validity  of  the  analytical  solution.  This  research  program  will  extend 
our  knowledge  about  the  dynamic  behavior  of  two  additional  and  promising  seal 
configurations. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 

TYPE  OF  MOTION: 

1.  Friction 

11.  Load  Capacity 

Sliding 

2 Wear 

12.  Surface  Temperature 

Rolling 

Lubrication 

13.  Contact  Stress 

3. 

Slide/Roll 

4.  Surface  Damage 

14  Film  Formation 

4 

Impact 

5 Failure 

15  Oil  Analysis 

Reciprocating 

6 Fretting 

^ Life 

Oscillating 

7 Erosion 

Filtration 

Other  (Please  Specify)  . 

^ uohblt. 

8 Adhesion 

9 Abrasion 

Vgi  Noise 

Leakage 

Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION. 

^ Load/Pressure 

8 Composition 

1 

Unlubricated 

Velocity 

9^  Structure 
(To)  Physical  Properties 

Liquid  Lubrication 

3 Temperature 

W 

Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 

Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

© Geometry 

7.  Finish/Lay 

13  Other  (Please  Specify) 

6 

Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Tribological  Evaluation  of  Materials  for  Mechanical  Seal  Contact  and 
Non-Contact  Faces 

Name;  Harold  F.  Greiner  Affiliation;  EG&G  Sealol  Inc. 

Address;  15  Pioneer  Avenue,  Warwick,  R.I.  02888 
Telephone;  (401)  781-4700 

An  evaluation  of  current  and  potential  Seal  Face  Materials  for  dry  sliding, 
lubricated  contact,  and  gas  lubricated  applications.  Field  of  application 
includes  liquified  gas,  light  petroleum  products,  and  dry  gas  sealing. 

Comparison  of  friction  coefficient  and  frictional  heating  effects  for  various 
combinations  of  ceramics  and  carbon  graphite  sliding  conditions  provide  basic 
data  for  identifying  candidates  for  application  testing  and  further  detailed 
evaluation. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

Friction 

0 

Load  Capacity 

Sliding 

(pWear 

T^. 

Surface  Temperature 

^ Rolling 

3 Lubrication 

13 

Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

14 

Film  Formation 

4.  Impact 

Failure 

Oil  Analysis 

5.  Reciprocating 

Fretting 

Life 

6.  Oscillating 

Erosion 

Tt. 

Filtration 

7.  Other  (Please  Specify) 

^ Adhesion 

Noise 

@ Abrasion 

Leakage 

(t^  Fatigue 

io 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

^ Load/Pressure 

^2 

Composition 

^ Unlubricated 

Qj  Velocity 

{V 

Structure 

^ Liquid  Lubrication 

Q Temperature 

Physical  Properties 

^ Gas  Lubrication 

4 Environment 

rfb  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12, 

Chemical  Properties 

5 Solid  Lubrication 

^ Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPH^  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  GALLING  TESTS 

Name;  John  Groth  Affiliation 

AddressCEL,  1205  Coleman  Ave.  Box  580,  S 
Telephone;  408-289-4314 

PROJECT  GOALS 

To  rank  the  threshold  galling  stresses  of  material  couples. 
METHODS  of  APPROACH 

A button  on  block  galling  test  is  used  to  determine  the 
threshold  galling  stress  of  a material  couple.  A ^^"-diameter 
button  is  compressively  loaded  onto  a stationary  block.  The 
button  is  rotated  by  hand  360Oand  then  examined  for  galling. 
New  buttons  are  tested  at  progressively  higher  loads  under 
threshold  galling  is  observed.  A number  of  material  couples 
and  material/coating  couples  have  been  ranked  (most  of  the 
tests  results  are  proprietary) . 


1C  Corporation 
atta/^lara,  CA  950T()« 


FUTURE  DIRECTIONS 

Proposed  testing  includes  threshold  galling  stress  determinations 
of  nitrided  cases,  electroless  nickel  coatings,  carburized 
g:a3es  chromium  plating,  synergistic  coatings,  diffusion 
alloys  and  others. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

1.  Friction 

2.  Wear 

3 Lubrication 
© Surface  Damage 
Failure 

6 Fretting 

7 Erosion 
(!)  Adhesion 

9 Abrasion 

10  Fatigue 

(^)  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 
ie.  Noise 

19  Leakage 

(26)  Other  (Please  Specify) 

(^Sliding 

2.  Rolling 

3.  Shde/Roll 

4.  Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION; 

/v  Load/Pressure 
Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 
(^^Finish/Lay 

(SP  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

2 Liquid  Lubrication 

3.  Gas  Lubrication 

4^^ Grease  Lubrication 

Cs^Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  See  Enclosed  Project  Abstracts 

Name;  Dr.  Pradeep  K.  Gupta  Affiliation.  pj^Q  Inc. 

Address;  117  Southbury  Road 
Telephone.  Clifton  Park,  New  York  12065 

FRICTIONAL  INSTABILITIES  IN  BALL  BEARINGS 

ABSTRACT 


Computer  modeling  techniques  are  used  to  Investigate  Instabilities  In 
the  motions  of  ball  and  cage  In  a ball  bearing.  As  the  friction  at 
ball/race  and  ball/cage  contacts  Increases  the  cage  mass  center  whirl 
orbit  changes  from  circular  to  polygonal  and  then  to  a rather  erratic 
shape  under  excessive  friction.  The  corresponding  variations  In  whirl 
velocities  also  Increase  to  represent  bearing  squeal.  It  Is  shown  that 
cage  Instabilities  are  directly  dependent  on  the  ball/race  traction 
slope,  under  low  slip  velocities,  and  the  friction  coefficient  at  the 
cage  Interfaces.  Under  steep  traction  slopes  the  variation  In  traction 
at  higher  slip  rates  are  also  significant  In  high-speed  bearings.  In 
particular,  It  Is  found  that  a negative  traction  slope,  In  the  high  slip 
region,  may  produce  appreciable  ball  skid  which  promotes  excessive 
Interaction  In  the  cage  pockets  and,  perhaps,  the  most  damaging  Instabi- 
lity of  the  cage,  where  the  mechanical  Interactions  progressively 
Increase  to  Indicate  significant  potentials  for  cage  failure.  Under 
stable  conditions  of  operation,  the  computer  results  also  provide 
correlations  between  time-averaged  wear  rates  of  the  cage  and  the  fric- 
tional behavior. 


Sponsored  by:  . National  Science  Foundation  Grant  Number  ISI-856082A 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


'Q^Frlction 

Wear 

'^)Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


17. 

18. 
19. 
20 


VARIABLES  CONSIDERED; 


>Load/Pressure 
Velocity 
I Temperature 
) Environment 
Dist/Time/Amp 
^Geometry 
Finish/Lay 


Composition 
Structure 

>Physical  Properties 
^Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION; 

g Sliding 
Rolling 
3.  Slide/Roll 
4.  Impact 
5.  Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION: 

^2^Unlubricated 
^?jLiquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
{T^olid  Lubrication 

Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  See  Enclosed  Project  Abstracts 

Name:  Dr.  Pradeep  K.  Gupta  Affiliation.  Inc. 

Address;  117  Southbury  Road 
Telephone:  Clifton  Park,  New  York  12065 

OPTIMIZING  MANUFACTURING  TOLERANCES  IN  ROLLING  BEARINGS  FOR 
CRITICAL  DOD  APPLICATIONS 


ABSTRACT 

The  influence  of  manufaeCuring  tolerances  in  rolling  bearings  is 
investigted  by  parametrically  evaluating  the  dynamic  bearing  performan-* 
ce,  as  obtained  by  the  computer  program  ADORE,  as  a function  of  the 
various  imperfections  in  both  ball  and  roller  bearings.  Both  oil  and 
solid  lubricated  bearings,  typical  of  high-speed  turbine  engine  applica- 
tion, are  considered.  The  imperfections  investigated  include,  ball 
size  variation,  ball  unbalance,  preferred  axis  of  inertia,  race  out-of- 
roundness,  variations  in  race  groove  curvature  and  cage  unbalance  in 
ball  bearings.  In  cylindrical  roller  bearings,  the  bearing  performance 
is  modeled  as  a function  of  race  out-of-roundness,  taper  in  the  race  and 
roller  surfaces,  centrality  of  flat  land  on  the  rollers,  roller  size 
variation,  roller  unbalance  and  tilt  of  the  inertial  axis,  and  cage 
unbalance.  With  prescribed  defects  in  race  geometry,  the  imperfections 
on  the  rolling  elements  are  statistically  distributed  and  the  bearing 
performance  is  correlated  to  the  rms  deviation  of  the  imperfections. 
The  bearing  performance  is  evaluated  in  terms  of  life,  power  loss,  cage 
interactions  and  stability,  roller  skid  and  skew  instability,  guide 
flange  interactions  and  roller  end  wear.  From  the  general  trend  of 
variation  of  these  performance  parameters,  practical  guidance  for  obtai- 
ning the  permissible  limits  on  the  various  geometrical  imperfections  is 
obtained  and  the  general  procedure  for  tolerance  optimization  for  a 
given  bearing  under  prescribed  performance  requirements  is  outlined. 


Spotiaored  byt 


Aero  Propulsion  Laboratory 
Urlght-Fatterson  Air  force  Base 
Ohio 

Contract  Number  F33615-84-C-2477 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


>Friction 
' Wear 
)Lubrication 
Surface  Damage 
Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
10.  Fatigue 


1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

'^^Life 

17.  Filtration 

16.  Noise 
19.  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


>Load/Pressure 
Velocity 
I Temperature 
) Environment 
Dist/Time/Amp 
>Geometry 
7.  Finish/Lay 


Composition 
Structure 

^Physical  Properties 
rpThermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


TYPE  OF  MOTION: 

Sliding 

Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

^T^TjUnlubricated 
^^Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

Lubrication 

Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Ceramic  Components  for  Heavy  Duty  Diesel  Tribological  Applications 

Name:  Nabil  S.  Hakim  Affiliation:  Detroit  Diesel  Allison 

Address:  13400  Outer  Drive,  West  Division  of  General  Motors  Corp. 

Telephone  Michigan  48239-4001 

595-5625 


Assesses  the  overall  worthiness  (performance,  market-added  value,  LCC,  etc.)  of 
applications  of  ceramic  components  to  heavy  duty  diesels. 


Also:  Other  projects  which  are  confidential/proprietary. 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Adiabatic  Diesel  Engine  Component  Development 


Name;  Nabil  S.  Hakim 

Address;  13400  Outer  Drive,  West 
Telephone;  Michigan  48239-4001 

^ 595-5625 


Affiliation; 


Detroit  Diesel  Allison 
Division  of  General  Motors  Corp. 


- Investigates  the  proof-of-concept  for 
for  the  heavy  duty  low  heat  rejection 


gas-phase  and 
engine . 


solid-phase 


lubrication 
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\ 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  START/STOP  PERFORMANCE  FOR  ROTATING  RIGID  DISK 

MEMORY  SYSTEMS 

Name;  George  Hall  Affiliation.  Censtor  Corporation 

Address;  530  Race  Street,  San  Jose,  CA  95126 
Telephone;  408/298-8400 

GOAL:  Produce  a system  having  20,000  cycles  of  start  and  stop  with  low 

initial  and  final  friction  flying  at<6  microinches. 

1)  Investigation  into  variables  affecting  life  of  rotating  rigid  disk 
memory  systems' 

(a)  Lubricants 

(1)  Solid 

(2)  Liquid 

(b)  Slider  Design 

(c)  Magnetic  disk  surface  properties 

(d)  Carbon  overcoats 

METHODS  : 

2)  Primary  investigations  are  being  conducted  using  start/stop  testers 
designed  and  built  by  Censtor.  Product  is  tested  using  accelerated 
life  testing. 

RECENT  FINDINGS: 

(1)  Improved  methods  for  carbon  overcoats  and  surface  finishing 
of  disk  substrates 

(2)  Improved  slider  designs  which  reduce  wear  products 
FUTURE  DIRECTION: 

(1)  Evaluation  of  various  carbon  overcoats  in  conjunction  with 
lubricants  to  reduce  flying  heights  of  magnetic  heads. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

^ Friction 
^ Wear 

3 Lubrication 
^ Surface  Damage 

CP  Failure 
® Fretting 

O Erosion 
jB  Adhesion 

Abrasion 

10  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14.  Film  Formation 

1^  Oil  Analysis 
<6)  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

^ Sliding 

2 Rolling 

3 Slide/Roll 

Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

© Load/Pressure 
Velocity 

<5)  Temperature 
Environment 

5 Dist/Time/Amp 
Geometry 

7 Finish/Lay 

® Composition 

9 Structure 
^5)  Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

Q^Xiguid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
^^olid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PRn  ippT  TiTi  F-  Effect  of  Piston  Ring  Geometry  and  Loads  on  Oil 
Consumption  In  a Reciprocating  Engine 


Name'^®^^y  Haslach,  Jr 

Address-  ® Frances  Court, 
Aooress.  ^g^^^gon,  WI  53703 

Telephone. ^Qg  _ 256  « 7303 


Affiliation;  College  of  Engineering 
University  of  Wisconsin 
Madison,  WI  53706 


As  a guide  to  energy  conservation,  the  behavior  of  a piston 
ring  In  a reciprocating  engine  is  computer  modeled  In  order  to 
minimize  oil  consumption  by  varying  ring  geometries  and  loads. 
Rather  than  assume  fully  flooded  conditions,  the  ring  is  starved, 
with  inlet  and  outlet  location  at  each  position  in  the  cycle 
determined  by  the  given  parameters  such  as  ring  velocity  and  load. 

This  work  will  be  extended  to  include  the  action  of  a ring 
pack.  A long  range  goal  is  to  devise  a three  dimensional  analysis 
to  properly  account  for  the  load  on  the  ring  and  sliding  friction. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1.  Friction 

2.  Wear 

^ Lubrication 

4 Surface  Damage 

5.  Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2 Rolling 

3.  Slide/Roll 

A Impact 

Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

© Load/Pressure 
Velocity 
Temperature 

4 Environment 

5 Dist/Time/Amp 
Geometry 

7.  Finish/Lay 

8 Composition 

9.  Structure 

10.  Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

1 Unlubricated 

Liquid  Lubrication 

3.  Gas  Lubrication 

4 Grease  Lubrication 

5.  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Ft Otc'  ^ O A/J 7 ) TlT.  A T / ^ 

' Affiliation*  NASA  Lewis  Research  Center 
Name:  Robert  C.  Hendricks  AlTiiiaiion. 

Address:  21000  Brookpard  Rd.,  Cleveland,  OH  44135 

Telephone: _ (216)  433-5912  ;■ 

\r  GcClX  t' i-i  J ^ 

3 lAA.  ^ csf — iu.'- 

-Ay'  ct-n.  Jl-CCC^cKi^  - i 0.-^1  uMJcJ 

d f£ifL  ^c*/ 

1<L.\  t^*'} 

'y  fl^J  T^rL^  Z c / ^ S i 


f. 


&t‘dj  ijr  ckA^yc,  fZ.<.  Hr /cr  ^ 

ds^xd  ^ /CZe  J S'  ■/^r' 

^ c cc^<d ^ ^ «/  /y  i cxA.  dr 

yzzz/'tL'x^  cl<z\<L£^iZ\  dr  cfu/zzz/  ^ 

d-d  ^L-ZL-'d'  ^ ^(A ^ rt-i^A  ji2^  c-d" '■’ 

(^^£-yp^4^  dU,c ^d~Zc'rZtc</  do  /V'P)irn  r ^ /^£T0^' 


'i'  '-  . Ct\^d^  <-/-Ltxc  S)  Sid  <. 


f4/€  f-4v;  -fuuM. 


fm'^- 


(Please  Circle  All  Appropriate  Parai 

' i Z\  .jttLrrr 


^ROCESS  OR  PHINOMJ 

1.  Friction' 

2.  Wear 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
10.  Fatigue 


NON  BEING  STUDI^: 

1 1 . Load  Capfpty 

12.  Surface  Temperature 
1^.vContact  Stress 

O^^ilm  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 
16.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressure 
•>2.  Velocity 
Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 


8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


UA 


dyxA  d 


PE-pP  WOUON:  . ^ 

1.  Sliding 
Rolling 

3.  Slide/Roll 

4.  Impact 

& Reciprocating 
^^Oscillating 
/.  Other  (Please  Specify) 


LUBRICATION: 


3. 

4. 

5 

6. 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  "A  New  Technique  to  Evaluate  Instantaneous  Frictional  Torque 
in  Reciprocating  Combustion  Ermines" 

Name;  Naeim  A.  Henein  Affiliation;  Wayne  State  University 

Address;  Wayne  State  Uni.  College  of  Mechanical  Engineering,  Detroit,  MI  ^8202 
Telephone;  (313)577-3887,  577-3843 

The  goal  of  this  project  is  to  develop  an  innovative  method  to  determine  the 
instantaneous  frictional  torque  in  reciprocating  combustion  engines.  While  cur- 
rently known  methods  determine  time  averaged  frictional  torque  at  constant  speed, 
this  new' method'  can  determine  the  time  dependant  frictional  torque  under  transient 
conditions  as  well  as  under  constant-speed  operation.  This  method  is  known  as  the 
(P-w)  method  because  it  utilizes  instantaneous  gas  pressure  P,  and  instantaneous 
angular  velocity  to  determine  instantaneous  frictional  torques.  The  results  of 
our  work  over  the  last  three  years  indicate  that  this  method  promises  to  be  a very 
effective  tool  for  researchers  and  engineers  working  in  the  areas  of  fuel  economy, 
tribiology  and  friction  in  combustion  engines.  Our  work  has  been  limited  to  the 
determination  of  the  instantaneous  frictional  torque  in  a single-cylinder  diesel 
engine  during  cranking  and  no-load  operation.  Planned  future  work  includes  the 
development  of  the  method  to  determine  the  effects  of  1)  load  and  other  parameters 
in  a single  cylinder  engine,  2)  interactions  between  cylinders  in  multi-cylinder 
engines.  A mathematical  model  and  a conputer  program  will  be  developed  to  deter- 
mine the  instantaneous  friction  from  P andw,  for  any  engine  configuration  (in 
line  or  V-shaped)  and  for  any  number  of  cylinders. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

Friction'  3 

2.  Wear 

3 Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

^5.  Reciprocating^ 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

Cl  Load/Pressur^ 

8 Composition 

1 Unlubricated 

C2  Velocity  ^ 

9.  Structure 

C5  Liquid  Lubrication^^ 

C3  Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

f'lO  Physical  Properties^? 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

3 uas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

137 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE'  Liquid  Lubricated  Sliding  Studies  in  the  SEM 

Name;  Wolfgang  Holzhauer  Affiliation:  Research  Assistant 

Address;  M.E.  Dept.,  RPI,  Troy,  NY  1218o  Tribology  Laboratory 

Telephone;  (518)  266-6977 

Modifications  to  a Scanning  Electron  Microscope  (SEM)  allow  in-situ  sliding 
experiments  to  be  performed  with  hydrocarbon  liquid  lubrication  . This  approach  is 
being  combined  with  other  analysis  techniques  such  as  surface  topography  measurement 
and  optical  microscopy,  to  gain  a better  fundamental  understanding  of  the  wear 
mechanisms  of  low  speed  boundary  lubricated  steel  contacts. 

Recent  findings  have  shown  that  plastic  deformation  plays  an  important  part  in  the 
deformation  and  wear  of  these  contacts.  A plastically  deformed  surface  layer  covers 
many  of  the  grooves  and  scratches  associated  with  the  original  surface  finish  of  the 
sliding  components,  thereby  displacing  beneficial  oil  from  these  potential  lubricant 
reservoirs.  A plastically  extruded  layer  also  covers  the  surface  in  two  bands  along 
either  side  of  plowing  marks  which  are  observed  when  the  wear  becomes  more  severe. 

This  plastically  extruded  layer  is  the  source  of  wear  debris  in  the  form  of  flat 
platelets . 

Further  experiments  are  in  progress  to  generate  additional  data  on:  1)  the 
factors  leading  to  the  onset  of  severe  wear;  2)  correlation  with  surface  topography 
measurements;  and  3)  effect  of  additives. 

Holzhauer,  W.  and  Calabrese,  S.J.,  "Modification  of  SEM  for  In-Situ  Liquid- 
Lubricated  Sliding  Studies,"  ASME/ASLE  Tribology  Conf.,  Pittsburgh,  PA, 

Oct. 20-22,  1986,  ASLE  Preprint  No.  86-TC-6C-2. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


TYPE  OF  MOTION; 


Friction 

Wear 

Lubrication 

Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


11 

& 

14 

15 

16 

17 

18 

19 

20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Sliding 

Rolling 


3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


LUBRICATION 


(gU  Load/Pressure 
Velocity 

^ Temperature 
4 Environment 
5.  Dist/Time/Amp 
Geometry 
Q)  Finish/Lay 


8 Composition 
9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


4. 

5 

6. 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  TRIBOLOGICAL  SYSTEM  FLUIDS  PROGRAM 

Name;  Ing  T.  Hong  Affiliation;  Fluid  Power  Research  Center 

Address;  1724  W.  Tyler  Oklahoma  State  University 

Telephone;  405-624-7375 

The  Tribological  System  Fluids  (TSF)  Program  is  a cooperatively  sponsored  industrial  research  program 
for  the  purpose  of  providing  industry  with 

• Better  understanding  of  hydraulic,  lubrication,  and  fluid  mechanics  principles, 

• Better  component  and  system  design  procedures  applicable  to  all  types  of  fluid, 

• Better  fluid  assessment  procedures  specifically  engineered  for  TSF, 

• Better  fluid  analysis  and  monitoring  methods, 

• Better  filtration  techniques  and  fluid  contamination  control, 

• Better  application-sensitive  fluid  selection  methods,  and 

• Better  fluid  property  control 

The  TSF  Program  addresses  three  aitical  areas  of  interest  to  lubrication  and  hydraulic  systems: 

• Fluid  stabihty  and  service  life, 

• Fluid  utilization  and  selection,  and 

• Fluid  conditioning  and  reclamation. 

Research  procedures  and  results  are  published  in  the  TSF  Journal  and  presented  annually  in  a research 
conference. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

© Friction 
^ Wear 
^ Lubrication 

T Surface  Damage 
^ Failure 
® Fretting 
m Erosion 
® Adhesion 

Abrasion 

Fatigue 

(Oi  Load  Capacity 

12.  Surface  Temperature 

Contact  Stress 

14.  Film  Formation 
(JSi  Oil  Analysis 

16  Life 
(17)  Filtration 

18  Noise 
(iD  Leakage 

20  Other  (Please  Specify) 

(0  Sliding 
^ Rolling 

Slide/Roll 
® Impact 
^ Reciprocating 
^ Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

0 Load/Pressure 

2.  Velocity 

3 Temperature 
Environment 

5.  Dist/Time/Amp 

6 Geometry 
(7)  Finish/Lay 

8 Composition 

9 Structure 

(b)  Physical  Properties 

11.  Thermal  Properties 
(J>.  Chemical  Properties 

13  Other  (Please  Specify) 

1.  Unlubricated 
([^Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  i^OC  H 1'^  f-joRoWlTZ.  Affiliation;  £‘>iXCyV  Co 

Address;  Bo;(  ,ri  N.  J-  07C3(, 

T elephone.^>2  H 7V  - 

^ ct.  af  preterites  e-f  foly>^er  'titckche^ 

(J  I Ijlancai"* 


(£)  Effe  cl  cf  j>roccsses 


C^>rreiive  W^/X^ 


loLri'ci^^fs 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1.  Friction 

11. 

Load  Capacity 

Sliding 

2 Wear 

12, 

Surface  Temperature 

2.  Rolling 

Lubrication 

13. 

Contact  Stress 

3.  Slide/Roll 

4 Surface  Dannage 

14 

Film  Formation 

4.  Impact 

5 Failure 

15. 

Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16. 

Life 

6 Oscillating 

7.  Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED. 

LUBRICATION: 

1.  Load/Pressure 

8 

Composition 

1 Unlubricated 

2 Velocity 

9 

Structure 

Liquid  Lubrication 

3.  Temperature 

10 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13. 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7,  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

.recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name;  Affiliation; 

Address;  ^<>0  ^Ule  ^ Xii  ^0/2^$, 

Telephone;  ^/2_  7^^  ir^O  e it  ZZoo 


f/Utdy^  . 7^  irA^t'Al  Li'^ 

' Siujtes  itooo/ne  </e  ut  h 


Cr-f' 

Oil  5^a/ 

//VI  j)  ir 


{/  AAy<-^'Ui^ 

^/Vf /r. 


O^Jec  fs. 

fi*€c  ic> 


td*/% 

j 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

.friction 

Aoad  Capacity 

^T^liding 

^ear 

'Surface  Temperature 

2.  Rolling 

& 

^Lubrication 

fia^ 

^Contact  Stress 

3.  Slide/Roll 

& 

^urtace  Damage 

'Film  Formation 

4 Impact 

C^j 

'Failure 

15 

Oil  Analysis 

5.  Reciprocating 

Fretting 

Qg-Xite 

6 Oscillating 

7 

Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 

Adhesion 

18 

Noise 

9 

Abrasion 

QSy^Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

'Load/Pressure 

0^ 

/Composition 

1 Unlubricated 

)velocity 

Structure 

C 2 ^Liquid  Lubrication 

^Temperature 

i^hysical  Properties 

IT  Gas  Lubrication 

^Environment 

^Thermal  Properties 

4.  Grease  Lubrication 

.^Dist/Time/Amp 

'Chemical  Properties 

5 Solid  Lubrication 

? Geometry 

13. 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

)Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  ^ t ^ L u b ' C£4  t > b u 

Name;  V a ly  / o F bj c u t-  T Affiliation;  ^ I'T 

Address;  3 ' ' ^ f 

Telephone;  ^ 7 2.  S' 5 - 


1 ksL  'L.C.  b /lAUa^  y pL^td^'t  5 


rOLCAA  ^iJO-L  C 


0—u\- 


yLtl 

'Rj2.  er^  . CnL 

'^{u;  p ( tL 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1.  Friction 

11.  Load  Capacity 

t.jfr'Sliding 

2 Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4 Impact 

5.  Failure 

15  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16.  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION; 

Li.  Load/Pressure 

8 Composition 

1.  Unlubricated 

w2  Velocity 

9 Structure 

L^:  Liquid  Lubrication 

Temperature 

10  Physical  Properties 

1 — S'  Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Fmish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Near  Surface  Wear  Structure  ~ Ceramic  Components 

Name;  C.  R.  Houska  Affiliation;  Virginia  Polytechnic  Institute 

Adrlrp«;«;-  Dept,  of  Mat . Eng.,  Blacksburg,  VA  24061 
Velephone:  703-961-5652 


A theory  based  on  a statistical  model  was  developed  and 
experimentally  verified  for  the  x-ray  intensity  from  samples  having  a rough 
surface.  Experimental  measurements  from  a ground  fully  stabilized  zirconia 
(FSZ)  sample  were  examined.  This  theory  is  valid  for  both  diffraction  and 
fluorescence  signals  under  both  symmetrical  and  asymmetrical  optical 
geometries . 

A technique  using  two  wavelengths  was  first  developed  by  Garvie  etc. 
to  determine  the  depth  gradient  of  the  monoclinic  phase  in  a partially 
stabilized  zirconia  (PSZ)  sample  as  it  extends  from  the  free  surface  into 
deeper  substrate  material.  We  extended  the  depth  gradient  from  the 
originally  proposed  step  function  to  include  both  linear  and  exponential 
functions.  These  forms  could  be  influenced  by  both  stress  and  temperature 
rises  associated  with  wear  processes. 

The  wear  track  and  unworn  side  of  a PSZ  disk  were  examined  using 
synchrotron  radiation.  The  X-ray  diffraction  patterns  indicate  that  the 
wear  process  resulted  in  an  increase  of  the  cubic  and  tetragonal  phases. 
This  discovery  is  in  accord  with  localized  surface  heating  which  causes  the 
monoclinic  phase  to  attain  temperatures  that  make  it  unstable  in  favor  of 
either  the  tetragonal  or  cubic  phase. 

Significant  broadening  was  observed  in  the  (111)  peak  profiles  of  PSZ 
samples  after  polishing  and  grinding.  These  profiles  are  treated  as 
intensity  bands  and  fitted  with  a depth  dependent  d-spacing  function.  This 
establishes  a new  approach  for  the  determination  of  near  surface  strain  (or 
stress)  gradients  which  is  nondestructive,  quantitative  and  very  suitable 
for  examining  near  surface  wear  structures  of  ceramic  components.  The 
asymmetrical  optical  geometry  provides  an  important  feature  which  has 
shallower  penetration  depth  and  better  reveals  the  structure  in  the  near 
surface  region.  Synchrotron  radiation  provides  an  advantage  as  longer 
wavelengths  become  available  giving  low  beam  penetration. 

This  research  is  scheduled  to  terminate  12/31/86. 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 


/(  CL  '• 


^ ^ I c 4-  / / 5 

'h 

' V 

^ "Vv  I *-j  «5».^  ^ rt^ 


^ (aJ 

/W—  'f'  / l\,  ^ ^ 

^ ^ cai 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

FfictioD — '>  (^\.  Load  Capacit^"^  — 

C 2.  Weat — ^ r f2.  &>urtace  Temperature 

c"  3 Lubrifption  ^ I'd.  Contact  Stress 

TYPE  OF  MOTION: 

1.  Sliding 

2.  Rolling 

. — 37  yiiae/Moii !!) 

/^4  SurlacaJ)amaaA-^Cll4  Fitm  FuiiiinliiiH  jp* 

<15  Failuie-^  niJ-Analvsis.— 

6.  Fretting 

7.  Erosion  cTT"TiitratiojL^ 

8.  Adhesion  ^t8.  Noise 

9.  Abrasion  19.  Leakage 

10.  Fatigue  20.  Other  (Please  Specify) 

Irpnart*  .3 — 

— S'Heciprocating  ^ 

^ 6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

di  Load/Pressur* — ^ <0T^Composition~~^ 

1..  Unlubricated 

C'''3*Temperptuie — ^ Physical  Properties!^ 

^ r?ttc  1 iihfirfitinn 

4.  Environment  11.  Tnarmal  Hfnpprtieij 

Grease  Lubric8tio?ll> 

5.  Dist/Time/Amp  cn2  Chemical  Properties^ 

5^  Sbllii  LuliilCAliuii 

b.  Geometry  id.  ~bther  (Hlease  bpecity) 

7.  Finish/Lay 

6.  Other  (Please  Specify) 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  TWO  PHASE  CRYOGENIC  SEALS  (NASA  SPONSORED) 


Name;  William  F.  Hughes  Affiliation.  Carnegie-Mellon  University 

Address;  Mech.  Eng,  Dept.,  Pittsburgh,  PA  15213 
Telephone;  (^12)  268-2507 


Completed  simplified  computer  model  for  Face  Seals  with  a discrete  boiling  interface  including 
effects  of  centrifugal  inertia.  Simple  program  rxms  quickly  and  is  good  for  estimating  the 
behavior  of  face  seals  under  normal  low  leakage. 

A detailed  study  has  been  made  of  the  effect  of  heat  transfer  effects  in  face  seals  and  how  the 
boiling  occurs  when  the  conduction  in  the  faces  and  convection  in  the  fluid  can  have  arbitrary 
values.  Studies  show  how  very  low  leakage  seals  behave  but  as  the  leakage  Increases  (but  still 
within  practical  limits)  the  boiling  may  not  occur  at  a discrete  interface  but  may  occur  over 
a finite  region. 

A somewhat  startling,  and  we  think  very  important,  conclusion  is  that  under  certain  circumstances 
(where  the  seals  can  extract  enough  heat  from  the  leaking  fluid)  there  exists  no  steady  state 
solution  and  a "limit  cycle"  type  of  oscillation  will  occur. 

This  cycling  is  due  to  thermal  oscillations  which  are  coupled  to  the  d3mamical  behavior  of  the 
seal  and  can  result  in  a limit  cycle. 

Far  from  being  an  anomolous  situation  it  appears  that  this  sort  of  behavior  may  be  quite  common 
and  can  account  for  many  of  the  oscillatory  and  erratic  seal  dynamics  behavior  observed  in  the 
field. 

An  experimental  program  was  planned  and  design  work  begun  on  the  In-House  NASA  test  rig  for 
basic  controlled  studies  of  face  seals  with  two-phase  flow. 

The  main  thrust  of  this  work  will  be  a detailed  parametric  study  of  the  thermally  induced  limit 
cycle  behavior  of  face  seals.  In  particular  we  plan  to  couple  the  d3mamlc  response  to  the 
thermal  transient  behavior  so  that  actual  dynamic  tracking  may  be  achieved  and  perhaps  some 
overall  criteria  for  stable  or  uns.table  operation  may  he  established. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


‘fiction 
)Wear 
'Lubrication 
^Surlace  Damage 
allure 
Fretting 
Erosion 
Adhesion 
Abrasion 


C T(b  Fatigue 


>Load  Capacity 
I Surface  Temperature 
Contact  Stress 
Film  Formation 
.Ig.  Oil  Analysis 
(jpUe 
17.  Filtration 
JA-Noise 
Qa^^Leakaoe 
20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 

^J^Voad/Pressure 
■ ''  Velocity 
) Temperature 
I Environmeni 
) Dist/Time/Amp 
) Geometry 
Finish/Lay 


^Composition 
' Structure 
’ Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION; 

(jDsiidino 
2 Rolling 
3.  Slide/Roll 
4 Impact 
(^Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION: 

'Unlubricated 
) Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


■f 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


LUBRICANT  ANALYSIS  PROGRAM 


Victor  W.  Hughes  Affiliation:  Standard  Oil 

Address:  30701  Carter??  Rd.  Solon,  Ohio  44139 

Telephone:  216-349-1330 


The  project  goals  are  to  systematically  evaluate  the 
advantage  and  disadvantage,  of  technologies  that 
are  currently  being  utilized  to  determine  machinery 
condition  from  used  lubricant  and  grease.  Spectro- 
scopic, physical  and  chemical,  and  wear  particle 
analysis  utilizing  ferrographic  techniques  are  being 
reviewed  to  determine  relative  effectiveness.  Standard- 
ized particles  have  been  developed  and  will  be  analyzed 
by  the  different  techniques. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

Wear 

Lubrication 

A.  Surface  Damage 
^ Failure 

Fretting 

Erosion 

8.  Adhesion 
(a)  Abrasion 

10.  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

1^  Film  Formation 
^^Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19  Leakage 

20  Other  (Please  Specify) 

3. 

4. 

Sliding 

Rolling 

Slide/Roll 

Impact 

Reciprocating 

Oscillating 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

^ Load/Pressure 

L?  Velocity 

Q,  Temperature 

W Environment 
Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 

^^Composition 

Structure 

Physical  Properties 

Thermal  Properties 
(J^  Chemical  Properties 

13  Other  (Please  Specify) 

1.  Unlubricated 

I Liquid  Lubrication 

T^Gas  Lubrication 
^'Grease  Lubrication 

Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  iL 

Name  Affiliation:  H 

Address;  4n3/-o6ijL 

Telephone;  Slt/^7r.(^/s/ 

/mjH  M Lua^  UAaJ  ko  OlmJ 

jj^tM  AmJ  Ut  TL. 

t'Aam  %Ia^jaaaa  K*a  yt.'h  j4»  Ajl  Tl^ 

rXtLalU  AatC  ko  Ui!  (KKMJjJ  4m  Hju  df 

M45  »mJ  puyfi^  ohjXt^VOi  Av'/ 

"T£u  ^ 444.*^/  ft  nok^  ^ — /ll/K^  c 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

^ Friction 

11.  Load  Capacity 

1. 

Sliding 

2 Wear 

12.  Surface  Temperature 

Rolling 

Lubrication 

Contact  Stress 

IShde/Roll 

T Surface  Damage 

14.  Film  Formation 

® 

Impact 

5.  Failure 

^ Oil  Analysis 

5. 

Reciprocating 

6 Fretting 

Life 

6 

Oscillating 

7.  Erosion 

Tr  Filtration 

7. 

Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Qj  Load/Pressure 

8 Composition 

1. 

Unlubricated 

© Velocity 

9.  Structure 

2 

Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

4. 

Grease  Lubrication 

5 Disl/Time/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

/by  Geometry 

13.  Other  (Please  Specify) 

6 

Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name-  Lcuii  !<'■  AHiliation: 

Address:  Mironl  J 

Telephone:  ^^<6-  ^ 

Cicl)  »7r-  i’/j 


'Ptt^tc/  (^O0’ls  \ 

— £i3  ^ wLfct  e.ltreryot'C.  kJtltr- 

— Vkftlof  iesf 'li  .h  ^ 

^pntff-rhj  Wfex. 

Hil’koMs  yf  Aff0h6A((i\ 

hl»j  pixrx 

(tfiji  tU.e/^trr-  rr»  i|  rw*  kV  1'*^  • 2 

— P Jyt  c4no{tJ-rroi  /M  pr^l-t^  pt^rf^  n uitmt- 

Jttfitl  U el  e4>tiA<vtf-£«/ • ^ ^ 

— ct^  ^mrte^  ^ sMvtcc 
0*1  <c)eif«4 

}?* 5 J 144  ufLcl  V^cl/tiAc  wtict/n^ 

t**‘ p#»  f «**i ;^A*rr  priri/-i»»'^  Uffi^r-. 


— .reptsjss.*!  \ , III 

— Ue^n  pyinh>i*j  pixfx  finmy* ijz<^  ^ ^ <J^  f** 

miCrosc^'f)  f*tlj  tU.e/tvr\  t*MtretC9p*j 


‘fvhjYi.  ^ lift 

— tJov^^  r^UUO^I  •J 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

1 1 . Load  Capacity 

^Sliding 

(^Wear 

12.  Surface  Temperature 

^ Rolling 

^ Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

16.  Noise 

^ Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(O  Load/Pressure 

^ Composition 

1.  Unlubricated 

(3  Velocity 

^ Structure 

2.  Liquid  Lubrication 

^ Temperature 

Physical  Properties 

3.  Gas  Lubrication 

G)  Environment 

in  Thermal  Properties 

4.  Grease  Lubrication 

Uv  Dist/Time/Amp 

Chemical  Properties 

5.  Solid  Lubrication 

W Geometry 
(j)  Finish/Lay 

*73.  Other  (Please  Specify) 

^ Other  (Please  Specify) 
tn.k. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  arid  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  LujU  Affiliation:  Byretni  4 

Address: 

Telephone: 

^7r-  io/j 


i ^T>t¥lLf>  unJtts-Lv*¥f,m\  • 

• J^¥4Uf»  iAlrtk-nhtj  "Tisi  i 

- AU*#-ri»rt  ^ ^ 

~ OC-'ht^  cU-^  n 

*■  ri¥rrovs  C6yiel,'h0*f^ . 


rf-  GAlltn^ 

imr  ^a/ha^ 
l*j  Z9¥t¥t 


¥y^f0Ht^rtH^  e/0mi9^  rn 

h**  h*¥t  Cit^  m^dc 

/n  V M0^ftri^U  pr^^uftis.  Mitr^oUue^yyt. 


e^iitcf  eendi/t 


Til  r-c  Dtrecfuni  : 


»fc 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION: 


O Friction 

2.  Wear 

3.  Lubrication 

0 Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 
^ Adhesion 

9 Abrasion 
10.  Fatigue 


IV  Load  Capacity 
12.  Surface  Temperature 
XP  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 


Leakage 

(St>  Other  (Please  Specify)  d#f/ • 


VARIABLES  CONSIDERED: 


1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


f Load/Pressure 
Velocity 
Temperature 
^ Environment 
S Dist/Time/Amp 
® Geometry 
Q)  Finish/Lay 


Composition 
Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


3 


6. 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  D (fkJ 


Name:  a Affiliation; 

Address:  Mj  A'npiJVHr 

Telephone; 


&t=y£<?  '4  ^ 


A Ike e^r  ccHPeriTnjs^^^ 

h^utPicjn^L'y  Mi<iihfiL  , 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


-riction 
'Wear 
iLubrication 
Surface  Damage 
Failure 
6 Fretting 
7.  Erosion 
8 Adhesion 
.^^brasion 
f^O.  ^tigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Im  Formation 
il  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

^JkA^liding 
C—^  Rolling 


3.  Slide/Roll 
4 Impact 
5.  Reciprocating 
6 Oscillating 
7,  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


J.^oad/Pressure 
Velocity 

^[^Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 
7.  Finish/Lay 


8 Composition 
9.  Structure 

10  Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


LUBRICATION 


Unlubncated 
2 Xiouid  Lubrication 
3.  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE:  ty\tcAanisrr^  o£  WtoA.  Pc^a^'c^c. 


PcCn 

Name;  Vihiop  TPf  /to 
Address.  fy\^cH‘ 
Telephone; 


Affiliation: 


N5F  /<ri  ' 

p/-  5r<5‘2— 


D/9y7b  A/,  OH 


~Thjz  a>CA-<  Car\  c>Cu,^Jcm^  6c<i.t,v^ 

^VV  ^ A4  c <s>w»-«»^  UJC-A^ 


OJ  oO  ^ 

' rCAA^tU^  to 


c£t*-Cf^ 


(Please  Circle  All  Appropriate  Parameters) 


TYPE  OF  MOTION; 

Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

8.  Composition 

Unlubricated 

Velocity 

9.  Structure 

Liquid  Lubrication 

3.  Temperature 

10.  Physical  Properties 

X Gas  Lubrication 

4.  Environment 

1 1 . Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

^ Geometry 
Finish/Lay 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

PROCESS  OR  PHENOMENON  BEING  STUDIED: 


^ Friction 
^ Wear 
3 Lubrication 
Surface  Damage 
T Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 
9 Abrasion 

Fatigue 


Load  Capacity 
Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 
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DE^I 


RIPTION  AND  CLASSIFICATIQN  OF  SPECIFIC 
BASIC/APPLIED'«ESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Name; 

Address; 

Telephone: 


Dr.  J,  W.  Kannel  Affiliation;  Battel le  Columbus  Division 

505  King  Avenue,  Columbus,  OH  43201 
(614)  424-4626 


CURRENT  PROJECT  DESCRIPTIONS: 

1.  Development  of  self-lubricating  cage  material  for  turbopumps  for 
cryogenic  applications  (LOX). 

2.  Development  of  computer  controlled  ball  bearing  to  achieve  run-out 
of  0.01  um  for  critical  space  systems. 

3.  Development  of  design  criteria  to  eliminate  galling  of  spool  valves 
in  aircraft  hydraulic  systems. 


•t  • 


* 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

Friction 

11. 

Load  Capacity 

Q).  Sliding 

Wear 

12. 

Surface  Temperature 

O Rolling 

(3?  Lubrication 

13 

Contact  Stress 

@ Slide/Roll 

4 Surtace  Damage 

14 

Film  Formation 

4 Impact 

5 Failure 

15 

Oil  Analysis 

S Reciprocating 

6 Fretting 

16 

Life 

Oscillating 

7.  Erosion 

17. 

Filtration 

T Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

^ Load/Pressure 

8 

Composition 

O Unlubricated 

^ Velocity 

9, 

Structure 

Q'  Liquid  Lubrication 

Temperature 

10 

Physical  Properties 

J Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

L4  Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

C5  Solid  Lubrication 

Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

Finish/Lay 
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V .. 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  U^A  ^ / cM^i  ( f kc.s 

Name:  T.'J.  fcku-m /a(--,c4  Affiliation;  (X; ,,,  . 

Address:  ^ 

Telephone:^  ^ J’ 


^u.*n  1 v<j  "A  « $ 

^ ^ Ka  A!  rn^  /J’ -/dincc. 

~i~hep  iS Cl)  ^l»e>ujs  / 


y^u.i)h^tr  I oj-j  ^ j tlncIL  •h  Ca.r  ^ 


(/)  O'.  ^eUh.  ^ t Vz.-^-dts^  i^ly 


HB 


y 


fr 


2r-<hf 


Ka.u.,U/-;<:4  i rA'U^  rei'ij-^^nze 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

Friction 

Wear 

3.  Lubrication 

4 Surtace  Damage 
Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 

Fatigue 

11.  Load  Capacity 

1^  Surface  Temperature 

CT^  Contact  Stress 

14.  Film  Formation 

1^  Oil  Analysis 

Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

C2i  Load/Pressure 

2.  Velocity 

3.  Temperature 

4.  Environment 

5.  Dfst/Time/Amp 

6.  Geometry 

7.  Finish/Lay 

(^"iPcomposition 

9 Structure 

Mffi  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE.  Development  of  a Microprocessor-Controlled  Erosion-Wear  Tester 
for  Rapid  Data  Collection 

Name;  John  E.  Kelley  Aftiliation.  Technology,  Inc. 

Address;  15152  Pine  S.E.  Jefferson,  OR  97352 
Telephone;  (503)  327-2795 


The  production  of  an  extensive  erosion-wear  data  base  for  engineering  metals, 
ceramics,  coatings,  polymers,  and  composites  is  inhibited  by  the  time  and 
expense  required  to  perform  tests.  An  automated  erosion  test  unit  has  been 
designed  to  allow  testing  a single  specimen  at  a number  of  particle  impingement 
velocities  and  impingement  angles  in  a very  short  time.  The  unit  will  have 
the  capability  to  increase  data  production  by  at  least  a factor  of  10  over  other 
commonly  used  methods.  Generation  of  a useful  data  base  of  erosion  character- 
istics of  hundreds  of  engineering  materials  is  planned  once  the  equipment  is 
produced.  Wear  Technology,  Inc.  will  produce  the  testers  for  marketing  to 
laboratories  and  will  also  produce  and  publish  erosion  data  bases.  Funding 
for  development  of  the  equipment  is  presently  being  sought. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

V Friction 

11.  Load  Capacity 

1.  Sliding 

2.  Wear 

12.  Surface  Temperature 

2.  Rolling 

3 Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4 Surface  Damage 

14.  Film  Formation 

/4,  Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

'3^  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

1 Load/Pressure 

.8  Composition 

1 Unlubricated 

<'2.  Velocity 

Structure 

2 Liquid  Lubrication 

Temperature 

id.  Physical  Properties 

3 Gas  Lubrication 

' 4 Environment 

11  Thermal  Properties 

4 Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5 Solid  Lubrication 

,6  Geometry 

(13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 

.•  ....  ..  ...  .V 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  U.S.-France  Collaborative  Research  on  Polymer  Wear 

Name;  Francis  E.  Kennedy,  Jr.  Affiliation;  Dartmouth  College 

Address;  Thayer  School  of  Engineering  Hanover  NH  03755 

Telephone;  (603)  646-2094 


abstract 


This  grant  has  enhanced  the  collaborative  aspects  of  a separately-funded  study  of 
polymer  wear.  It  has  supported  travel  by  the  principal  investigator  and  one  graduate 
student  to  INSA,  Lyon,  France  to  work  with  French  researchers  working  on  a related  wear 
study  at  INSA.  The  particular  topic  of  interest  is  the  measurement  of  surface  temperatures 
in  polymer-metal  sliding  contacts  and  the  determination  of  the  efect  of  temperatures  on 
tribological  behavior. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

/T')  Friction 
\2^Wear 
^ Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

It.  Load  Capacity 
(resurface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4 Impact 

Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(\_)  Load/Pressure 
^ Velocity 
f_3.  Temperature 

A Environment 
’ Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

8 Composition 

9 Structure 

/'To\  Physical  Properties 
\11,' Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 

Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Friction  and  Wear  of  Polymers  in  Oscillatory  Motion 

Name;  Francis  E.  Kennedy,  Jr.  Affiliation:  Dartmouth  College,  Hanover  NH  03755 

Address;  Thayer  School  of  Engineering 
Telephone;  (603)  646-2094 


ABSTRACT 


The  objective  of  this  research  is  to  understand  the  mechanisms  of 
polymer  wear  in  reciprocating  motion  and  the  influence  of  material  and  operating 
variables  on  wear  and  friction.  The  project  involves  the  following  tasks:  1)  experimental 
study  of  the  effect  of  surface  roughness,  load,  oscillation  amplitude,  velocity  and 
temperature  on  friction,  wear  and  third  body  formation  in  oscillatory  motion  of 
polyethylene  against  stainless  steel;  2)  determination  of  surface  temperatures  and  near 
surface  temperature  gradients  in  sliding  polymer  against  metal;  3)  development  of  a 
qualitative  model  to  describe  the  wear  process  in  oscillatory  polymer/metal  sliding 
components,  and  the  effect  of  temperature  on  that  process. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

[T5\Fnction 

\2/Wear 

3 Lubrication 

4 Surface  Damage 

5 Failure 

6.  Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity 
(12)  Surface  Temperature 

13  Contact  Stress 

Film  Formation 

Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4 Impact 

Reciprocating 

Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

W Load/Pressure 
Velocity 
Temperature 
Environment 
Dist/Time/Amp 

6 Geometry 
Finish/Lay 

Composition 

9 Structure 

/ko.  Physical  Properties 
\1>  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

(^)Unlubricafed 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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I 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE;  Thermomechanical  Contact  Phenomena  and  Wear  of  Sliding  Components 


Name; 

Address; 

Telephone; 


Francis  E,  Kennedy,  Jr. 
Thayer  School  of  Engineering 
(603)  646-209A 


Affiliation: 


Dartmouth  College 
Hanover,  NH  03755 


ABSTRACT 


The  objectives  of  this  work  have  been  to  gain  a better  understanding  of 
the  wear  of  wear-resistant  seal  rings  and  to  determine  the  solid/solid 
contact  conditions  responsible  for  that  wear.  Ring-on-ring  sliding  tests 
have  been  run  under  dry  conditions  (no  sealed  fluid)  with  carbon  graphite  seal 
rings  sliding  against  three  types  of  hard  seal  face  materials,  metals, 
monolithic  ceramics  and  metallic  materials  coated  with  one  of  several 
ceramic  coatings.  Friction,  wear,  and  contact  patch  sizes  have  been 
monitored  in  the  sliding  tests.  In  the  analytical  phase  of  this  work,  the 
temperature  and  stress  distributions  in  the  sliding  contact  region  are 
determined  using  finite  element  methods.  The  influence  of  coating  and 
substrate  properties,  as  well  as  coating  thickness,  on  the  results  and  on 
potential  failure  mechanisms  is  being  studied. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION: 


^■>1  Friction 
Wear 

3 Lubrication 
Surface  Damage 

5 Failure 

6 Fretting 
7.  Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


15 


18 

19 

20 


VARIABLES  CONSIDERED: 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Sliding 
2.  Rolling 

3 Sllde/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION 


. Load/Pressure 
Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 
^ Finish/Lay 


8 Composition 

9 Structure 
Physical  Properties 

\l>  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


3 

4. 

5 

6 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

.PROJECT  TITLE:  Corrosion  of  Aircraft  Turbine  Engine  Bearings 

Name:  Dr.  Paul  Kennedy  Affiliation:  Naval  Air  Development 
Address:  Warminster,  PA  Center 

1 897^ 

Telephone:  215-^^1-1567 


Project  Goals:  To  develop  electrochemical  techniques  for 

determining  the  mechanism  of  aircraft  turbine 
bearing  corrosion. 

Approach:  Apply  quantitative  electrochemical  techniques 

to  study  corrosion  at  the  air/liquid/solid 
interface.  Modify  techniques  for  oil  film 
systems.  Study  the  effect  of  various 
parameters  on  turbine  oil  corrosion  mechanism. 


Recent  Findings:  Developed  reusable  quantitative  electro- 
chemical corrosion  probe  which  operates  under 
accelerated  conditions  and  continuously 
monitors  corrosion  current  as  a function  of 
time. . 


Future  Directions:  Will  be  used  as  a research  technique  to 

study  corrosion  mechanisms  in  lubricating  oil 
systems. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION; 

1.  Friction 

2 Wear 

3..  Lubrication 

Surface  Damage 
Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

11  Load  Capacity 

12  Surface  Temperature 

13  Contact  Stress 

OpFilm  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1 Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify).  . 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

2 Velocity 
Temperature 
Environment 

5 Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

ifs)  Composition 

C^'  Structure 
( 10.)  Physical  Properties 

1.1.  Thermal  Properties 
(l^Chemical  Properties 

13.  Other  (Please  Specify) 

1 Unlubricated 

C2.’  Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Fretting  of  Ceramic  Tribomaterials 

Name:  Dr.  Paul  Kennedy  Affiliation:  Naval  Air  Development 
Address:  Warminster,  PA  Center 

1 897^ 

Telephone:  21  5-^^1  "1  567 


Project  Goals:  To  determine  tribological  mechanisms  respon- 
sible for  the  failure  of  ceramic  bearings 
under  fretting  conditions. 


Approach:  Ball-on-flat  geometry  unique  fretting 

tribometer  will  be  utilized  to  study  the 
wear  characteristics  of  ceramic  and  metal 
combinations  at  extremely  small  amplitudes 
(i.e.  0.05  to  5 micrometers),  at  loads  as  high 
as  20  kg,  under  a variety  if  atmospheres  and 
temperatures  as  high  as  750  C. 

Recent  Findings:  Micro-damage  on  silicon  nitride  specimens 
was  found  to  change  as  a function  of  applied 
slip.  Evidence  for  oxidation  was  found  a 
higher  slip  amplitudes.  Friction  of  ceramic 
couples  found  to  be  lower  than  metal  couples. 

Future  Directions:  Study  the  effects  of  atmosphere  and 
elevated  temperature. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION. 

Oj  Friction 

3 Lubrication 

Surface  Damage 

5 Failure 

Fretting 
i Erosion 

Q)  Adhesion 

Abrasion 
(j^  Fatigue 

1 1 Load  Capacity 

12  Surface  Temperature 

Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Uy  Sliding 
<^/Rolling 

3 Slide/Roll 

4 Impact 

Cs)  Reciprocating 
* Oscillating 

/.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

Gy  Load/Pressure 

2 Velocity 
(J.  Temperature 

C A. ' Environment 
Dist/Time/Amp 

6 Geometry 

7.  Finish/Lay 

8 Composition 

Structure 

Physical  Properties 

11  Thermal  Properties 

12.  Chemical  Properties 

13  Other  (Please  Specify) 

CD  Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name;  K*  Keshavan  Affiliation;  ASTM  G-2 

Address' Tungsten  Carbide  Mfg,,  Tustin,  CA  92681-2007 
telephone;  ^14)  660-5200 


Sett  ■ 

J c-l-4^  n.  oL 


he  f e (J 


Si 


<=|-Q  CJtc: 


eS-C'^ 


CXX>^ 


^ ~ ~4~~i  ' ty} 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

1 Friction 
^^Wear 

Lubrication 
('''^Surface  Damage 
Failure 
^ Fretting 
(JJ  Erosion 

Adhesion 

VgJ  Abrasion 

Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

('^"T^liding 

2.  Rolling 

3 Slide/Roll 

Impact 

5 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

A 

VARIABLES  CONSIDERED: 

LUBRICATION 

Cjj^Load/Pressure 

(^^„ivelocity 

T^LTemperature 

^Environment 

Dist/Time/Amp 

Geometry 

Fmish/Lay 

Composition 

Structure 

Q^^^Physical  Properties 

11  Thermal  Properties 
('T^Chemical  Properties 

TX  Other  (Please  Specify) 

[ 1 . ^nlubricated 
^2'  Liquid  Lubrication 

3 Gas  Lubrication 

4.  Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  /SciAcLA(  <5^//  oJcul^ 

Name.  . Affiliation;  /<S* //I  C. . 

Address;  cO  9^/r/ 

Telephone; 


6J  Ct,;  /< 


a?0C- 

- 

^ r.^  cX 

/ /^J  «c  yo 

: <r. 

z ^ C_ 

t 

c//^  C 


.// 


O ^ / S ^ c.  ^ O 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

11.  Load  Capacity 

1.  Sliding 

^ Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

(%  Shde/Roll 

4 Surface  Damage 

14.  Film  Formation 

Impact 

5.  Failure 

15  Oil  Analysis 

5.  Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

{^"^Load/Pressure 

8 Composition 

1.  Unlubricated 

Velocity 

9 Structure 

^^"^^Liquid  Lubrication 

3.  Temperature 

10  Physical  Properties 

'‘“X  Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  _ . , 

PAQcmo  . 

Name:  Affiliation. 

Address:  P-  KINGSBUrV 

Telephone:  C.  S.  DRAPER  LAB. 

555  TECH  Sg„  MS  42 
'^^MBRIDGE,  MA  02139 

^>Aosct(oaj  4 £'xf^(~oK/i- r( 

( A AfC.  C:,  l /'U 

L-OB  fi~(  T(  . uUlTff  oOT 


(—^£  <Rj  ^ r 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1.  Friction 

2.  Wear 

^^1.ubrication 

Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 
6.  Adhesion 
9.  Abrasion 

10.  Fatigue 


Load  Capacity 
Surface  Temperature 
13.  Contact  Stress 
/'T^Film  Formation 
''1^  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20  Other  (Please  Specify] 

-ri^K^n  Tf^Y 


TYPE  OF  MOTION: 

1.  Sliding 

2.  .Rolling 
(^j;^lide/Roll 

4.  Impact 
5 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load /Pressure 
/elocity 
Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 


8.  Composition 

9.  Structure 
Physical  Properties 

Tjj  Thermal  Properties 
/l^^hemicol  Properties 
Other  (Please  Specify) 


LUBRICATION: 

1.  Unlubricated 
Liquid  Lubrication 
3.  Gas  Lubrication 
^pGrease  Lubrication 
Solid  Lubrication 
6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goais,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE: 


Name:  T.  E.  Kiousky  Affiliation:  Standard  Oil  Co. 

Address:  3092  Broadway  Ave.,  Cleveland,  OH  A4115 

Telephone:  (216)  441-8153 

■^dLC-^'Ci  I VX !■/■ 

frd uo'i-l-in  ^■l-CL^cLa.vxJ 

vo'.n  Jhouse>^  ^:/ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

1 1 . Load  Capacity 

Sliding 

2.  Wear 

12.  Surface  Temperature 

Rolling 

3.  Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

^>Life 

6.  Oscillating 

7.  Erosion 

ttT  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19.  Leakage 

10.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

8.  Composition 

JL  Unlubricated 

2.  Velocity 

9.  Structure 

Liquid  Lubrication 

Temperature 

la  Physical  Properties 

^3:  Gas  Lubrication 

Environment 

^40  Thermal  Properties 

4.  Grease  Lubrication 

sT  Dist/Time/Amp 

Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

1^  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Tribomechanical  Interactions  at  Head-Disk  Interfaces 

. ly  Affiliation-  Assistant  Professor 

Name:  Kyriakos  Komvopoulos  ATiiiiaiion. 

Address: University  of  Illinois  at  Urbana-Champaign,  1206  W.  Green  St.,  Urbana, 
Telephone:  (217)  24.4-1303 


The  purpose  of  this  research  is  to  investigate  on  a fundamental  basis  the 
prevailing  tribomechani sms  of  head/disk  contacts  during  start-stop  conditions 
(i.e.,  under  conditions  which  promote  mechanical  interactions  between  the 
surface  asperities  of  the  magnetic  media)  and  to  provide  a scheme  for 
effective  lubrication. 

The  tribological  properties  of  various  material  compositions  and 
lubricants  are  studied  with  a pin-on-disk  tribotester.  The  promising 
material-lubricant  systems  are  examined  in  more  detail  using  prof il  ometry , SEM 
and  Auger  electron  spectroscopy  for  the  identification  of  the  predominant  mode 
of  wear  and  the  chemistry  of  the  formed  surface  friction  polymers. 

These  experimental  studies  and.  In  addition,  computational  work  based  on 
FEM  will  provide  useful  information  for  the  optimum  design  of  magnetic  head 
and  disk  surfaces. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

Q Friction 

(T^  Load  Capacity 

^ Wear 

Surface  Temperature 

Lubrication 

Contact  Stress 

(7;  Surface  Damage 

$5)  Formation 

5.  Failure 

15.  Oil  Analysis 

6.  Fretting 

16.  Life 

7.  Erosion 

17.  Filtration 

^ Adhesion 

18.  Noise 

@ Abrasion 

19.  Leakage 

Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

© Load/Pressure 

8.  Composition 

2.  Velocity 

^ Structure 

3.  Temperature 

© Physical  Properties 

4.  Environment 

IV  Thermal  Properties 

5.  Dist/Time/Amp 

^ Chemical  Properties 

A Geometry 

13.  Other  (Please  Specify) 

Q Finish/Lay 

TYPE  OF  MOTION; 

^ Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

g Unlubricated 

Liquid  Lubrication 
3.  Gas  Lubrication 
4.  Grease  Lubrication 
Solid  Lubrication 
6.  Other  (Please  Specify) 


IL 

6180 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Tribology  in  Materials  Processing 

Name:  Kyriakos  Komvopoulos  Affiliation:  Assistant  Professor 

Address: University  of  Illinois  at  Urbana-Champaign,  1206  W.  Green  St.,  Urbana, 
Telephone:  (217)  244-1303 


The  aim  of  this  project  is  to  provide  a basic  understanding  of  the 
tribological  mechanisms  operating  at  the  workpiece-tool  interface  during 
processing.  In  particular,  analytical  studies  are  in  progress  to  investigate 
the  effect  of  the  interfacial  friction  on  the  workpiece  surface-finish  and  the 
magnitude  of  the  residual  stresses  in  drawing,  forming  and  cutting  operations. 

Also,  the  magnitudes  of  the  stresses  experienced  by  the  tool  and  the  die 
surfaces  are  studied  as  a function  of  the  interfacial  friction  and  temperature 
conditions,  the  cutting  (or  forming)  velocity,  the  tool  (die)  geometry,  and 
the  work-hardening  properties  of  the  work  material. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Q Friction 

Load  Capacity 

0 Sliding 

@ Wear 

@ Surface  Temperature 

2.  Rolling 

Lubrication 

0^  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Lite 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

16.  Noise 

9.  Abrasion 

1^.  Leakage 

idual, 
f 1 m sl 

^ Fatigue 

Other  (Please  Specif^  reS 

stresses,  surrace 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^ Load/Pressure 

8.  Composition 

0 Unlubricated 

© Velocity 

Structure 

Liquid  Lubrication 

@ Temperature 

(l5)  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5.  Solid  Lubrication 

6.  Geometry 

Q)  Finish/Lay 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

IL 

61801 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Fatigue  Mechanisms  in  Layered  Media 

Name:  Kyriakos  Komvopoulos  Affiliation:  Assistant  Professor 

Address;  University  of  Illinois  at  Urbana-Champaign , 1206  W.  Green  St.,  Urbana,  IL  618 
Telephone:  (217)  244-1303 


Finite  Element  Analysis  of  half-space  media  with  and  without  surface 
layers  subjected  to  normal  and  tangential  surface  tractions  is  conducted.  The 
importance  of  the  layer(s)  thickness,  magnitude  of  surface  tractions, 
interfacial  adhesion  and  mechanical  properties  of  the  coating  and  substrate 
materials  are  critically  examined. 

Analytical  results  for  the  locus  and  size  of  the  subsurface  plastic  zone 
as  a function  of  the  position  and  magnitude  of  the  surface  tractions  is 
examined  for  each  case.  Moreover,  the  effect  of  a surface  or  interfacial 
crack  on  the  stress  field  below  the  contact  is  studied  and  the  stress 

intensity  factor  is  obtained  as  a function  of  the  length,  size  and  direction 
of  the  crack,  the  layer  thickness,  the  interfacial  friction  conditions,  the 

relative  mechanical  properties  of  the  layer  and  the  substrate  (e.g.,  modulus 
of  elasticity  and  hardness),  the  position  and  magnitude  of  the  surface 

tractions  and  the  size  of  the  contact-width.  Crack  closure  effects  are  also 
investigated. 

It  is  anticipated  that  these  studies  will  provide  the  appropriate 

criteria  for  the  design  of  layered  media  with  improved  fatigue  properties  in 
sliding/ rolling  contact  conditions. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

^ Friction 

Oi  Load  Capacity 

Q Sliding 

Wear 

Surface  Temperature 

© Rolling 

3.  Lubrication 

^ Contact  Stress 

3.  Slide/Roll 

(5  Surface  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16.  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9 Abrasion 

19.  Leakage 

Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

© Load/Pressure 

8.  Composition 

^ Unlubricated 

2.  Velocity  . - 

Structure 

Liquid  Lubrication 

3 Temperature 

Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

^ Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

CE)  Solid  Lubrication 

© Geometry 

13.  Other  (Ple.nse  Specify) 

6.  Other  (Please  Speciiy) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  High  Temperature  Ceramic  and  Metal/Ceramic  Materials 

Name:  Kyriakos  Komvopoulos  Affiliation:  Assistant  Professor 

Address: University  of  Illinois  at  Urbana-Champaign,  1206  W.  Green  St.,  Urbana,  IL 

Telephone:  (217)  244-1303  61801 


The  thrust  of  this  research  project  is  on  the  fundamental  friction  and 
wear  mechanisms  in  high  temperature  sliding  and  rolling  contact  conditions.  A 
variety  of  ceramic  materials  will  be  tested  in  a high  temperature  apparatus  up 
to  1600  K at  different  loads  and  relatively  low  speeds.  The  predominant 
friction  and  wear  mechanisms  at  each  temperature  and/or  stress  range  will  be 
analyzed  via  friction  coefficient  and  wear  rate  measurements,  and  be 
characterized  with  profil ometry , SEM,  EDXA  and  Auger  electron  spectroscopy. 

In  a later  stage,  the  tribological  properties  of  ion  plated,  laser 
cladded  and  laser  chemical  vapor  deposited  ceramic  layers  on  ceramic  and 
metallic  substrates  will  be  studied.  Also,  part  of  the  research  work  will  be 
directed  to  the  liquid  and  solid  lubrication  aspects  for  high  temperature 
sliding/rolling  appl  icat.ions  the  emphasis  being  on  in-situ  formed  lubricating 
films.  The  purpose  of  this  research  is  the  design  of  low  friction 
(y  < 0.1)  and  high  wear  resistant  surfaces  for  high-temperature  and  high 
nominal  contact  stress  conditions,  similar  to  those  in  advanced  mechanical 
systems  such  as  the  adiabatic  diesel  engine. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 

Wear 

Lubrication 

Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
rs.  Oil  Analysis 
Life 

T7.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


TYPE  OF  MOTION: 

g Sliding 
Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

Load/Pressure 
Velocity 
Temperature 
Environment 
Dist/Time/Amp 
Geometry 
Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


LUBRICATION: 

^ Unlubricated 
^ Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  PlCa)l^lcrJ 

Name:  Affiliation;  UA/'l/ 

Address:  PrtiiXlfS  l^LL  j 1>C 

Telephone:  ^ 

FCx>S&rf  W cP  T)l^  u/gj^  oF 

'^SIN6>  Ttt^  AiMD  D/yC^TloO 

Tm^o  K (jui  mid  D/Siccun^ 

[xJCfii  AT  - /Hr  THe- 

DP  iM  cuiDkiGt  STeec . -f^TW  di^7]<n^ 

liMCLODD  7«F  dP  fFfVcTU^  TPtce^  MlD  t!xl^yc3iM 

p c^rnM-*^  /rfPUcM](y\iS. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

Q)  Friction 

1 1 . Load  Capacity 

Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4.  Impact 

Failure 

15.  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

16  Life 

6.  Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

16.  Noise 

^9)  Abrasion 

19.  Leakage 

Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

(w  Load/Pressure 

^ Composition 

Unlubricated 

Velocity 

^ Structure 

Liquid  Lubrication 

Temperature 

Physical  Properties 

3.  Gas  Lubrication 

^ Environment 

1 1 . Thermal  Properties 

4.  Grease  Lubrication 

5 Dist/Time/Amp 

Chemical  Properties 

5 Solid  Lubrication 

^ Geometry 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE:  Studies  of  Surface  Processesand  Temperatures  During  Friction 
and  Wear 


Name'  . Affiliation: 

D.  K.-W.  Kuhlmann-Wilsdorf 

Address.  Dgpt-,  of  physics,  Charlottesville,  VA 
Telephone:  (soa)  92A-6812 


University  of  Virginia 
22901 


ObtEun  a more  detedled  insight  into  the  processes  occurring  at  sliding  interfaces. 
Various  approaches  are  used,  including  theoretical  calculations  of  contact  spot  temper 
atures,  development  of  models  of  friction  and  wear,  optical • stupes  of  wear  debris 
and  iiitertaces  and,  above  all,  correlated  measurements  of  coefficient  of  friction  and 
interfacial  electrical  resistance. 


PROJECT  TITLE:  Development  of  Metal  Fiber  Brushes 
D.  K.  “ W. 

Investigate  the  behavior  of  metal  fibers  for  the  conduction  of  electrical  currents 
across  sliding  interfaces  with  a view  to  develop  useable  metal  fiber  brushes. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

O Friction 

6 Wear 

Gi  Lubrication 
@ Surface  Damage 

5.  Failure 

6 Fretting 

7.  Erosion 

O Adhesion 

9 Abrasion 

10.  Fatigue 

1 1 . Load  Capacity 

O.  Surface  Temperature 

O Contact  Stress 

0.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

O Noise  (electrical) 

19  Leakage 

20.  Other  (Please  Specify) 

0 Sliding 

2 Rolling 

3.  Slide/Roll 

4 Impact 

5.  Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

0.  Stick-Slip 

VARIABLES  CONSIDERED: 

LUBRICATION: 

O Load/Pressure 

0 Velocity 

O Temperature 

O Environment 

0 Dist/Time/Amp 
r'  Geometry 

G Finish/Lay 

8 Composition 

9 Structure 

^ Physical  Properties 

1h'  Thermal  Properties 

12,  Chemical  Properties 

13  Other  (Please  Specify) 

Untubncated 
'ZJ  Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
'5 . Solid  Lubrication 

£ Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  R-M 

Name;  Affiliation;  AS M E 

Mdress.  P£<^i  F ^ UT 34^1  \ D 

Telephone:  ^ 2 

o By  GtS'A-R 

ANi^  Lo  IT  iajas  e/ fs 

PRoovJS-X)  ’TTvAT'  C^EAfts  op  A PA^^'rfCcyMR 

■Size  elovli>  be  'Katebp  for.  tkj^c-e 

THElR  -PREVIOUS  -pATlMGiS. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

cZl^-^Friction 

Wear 

-pP  Lubrication 
ritl') Surface  Damage 
Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 
ES^Abrasion 

Fatigue 

C^^^^oad  Capacity 
.^^?Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16  Lite 

17.  Filtration 
(pSPMoiie 

Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

Slide/Roll 

4 Impact 

5.  Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

Load/Pressure 

Velocity 

c3I5t  emperature 
<3^  Environment 
Dist/Time/Amp 
(_6^  Geometry 
<PP  Finish/Lay 

<TP  Composition 
b~J6tructure 

10.  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 

Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Add lU u Hol cq  y CIH cl  US&^Ot  f 4n(zl^sq 

Cjxn  rr  n i-,-  t ^ , t 

Name:  Richard  W.  Kuster  AttiltatlDn.  GC  Quality  Lubricants,  Inc. 

Address;  5738  Charles  Dr.,  Macon,  GA  31210 

Telephone:  (912)  477-3999 

Er\qini25  , ,1/  7- 

u>n<^^r  iLirain  rn/^ruals  cotij_'erLJi2^Lubincanls. 

Sa-irO-E  a.)c'[EndG(L<iirui'n  I'n  I eruals  -f^on-] 

r2.,oob Tv  ooc> UA , ( 1^7 

Idi^lre-r  ct! IcctI rn (O.  OtiT^c^n  &xT^nA- 

Pi<^5ei  e (iCfiiiiQ  (i{&.  __ 

Di i2S(e  I &nq/'ntc  li  tiiZ  't m ptroO dd a.  -(b<^oro-f3 
i4ud'^auiic-3tisTi&ni5 

Ui"&d  Ojd  ana(u7ij  caji  clir<2cT hy diraul/c. 

wyaia  i Qn^nc(L.  Contammaniinamaqal 

can  C-yTdnd-biizTeni  h'4(e  ancLoi ( 

pl'd^  cp-  sciy t f^q's  / ^ 

nXaxx  ctn  aa  cobT5  of  yui'ihodc  crtcU>((airy 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
Wear 

Lubrication 
Surface  Damage 
5.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 
^ Abrasion 

Fatigue 


11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

tFilm  Formation 
Oil  Analysis 
Life 

Filtration 
18.  Noise 
19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


7 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time/Amp 

Geometry 

Fimsh/Lay 


8 Composition 
9.  Structure 
10  Physical  Properties 
n Thermal  Properties 
Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION 

Sliding 
CS  Rolling 
Slide/Roll 
4.,  Impact 

Reciprocating 

Oscillating 

i.  Other  (Please  Specify) 


LUBRICATION: 


1 Unlubricated 
Liquid  Lubrication 
^ Gas  Lubrication 
Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  rA pst 

>\-N\tsGLC>p\V-,  lrSC>vOSTV-L\^'^  . 

Name.  (o^u.g,c.  L-C^vtuci  P.El . Affiliation;  ti>!L2iC.!XvL^V.  c.c.^\TC.t£^ 

Address;  Ro.  'lo  . P\v_e>NK^  ^ 

Telephone;  ‘^<b^  - 

1 rvs P tkjCJT  ^OCs.  ■s>T'w>P\tL'^  Civj  avaL^ 

CLR\^£!rr\\v,ix\^  CXVT  tiiiCiMS  ( \0-  Z'Z  , ’i.S-  B>.0%  . 

CJAVT  <^AG\^0^^  F=-a;A 

A&Af\^\otM  Re'i.i.srv  AvtvvcAe  ^ eco\^  smpKcJ^  f\r'\cE_ 

-ruC^  UAOC  A TvA:iO  S'YWCAVLCiS'T'^.OCTT'OSL'C  c:i=  BArrTVJ^ 

c_vA'Ao>opv\om  cA^\>\oc^  Ax'At'::)  WAPTverA'ine  /aosto^it^  'r^'^.^T'A\'^  ^ 
^A\C,U  Aoos  A OrstQvJ^  'T'ooWT  TO  T\^  Ats  , 

Cr>CiAL-f:i',  .A'^  wc  Ar^cjEL  rSiM  ^OCTOL 

fv\ot:i\p.teAT\,ON\ . 

-^VAe  C-r 

c-O^ATOtstT  ^AtV^  T\AC  L.'OCAx^ 

PrAC?E\AT\^<^  ^ 

c>  |=^^''^AYAecsT^^A.C:i  -rwc:  tmppsc;.-^  AvtA^:^ 

Av^^"^VOVS  P^LCC-^SS « 

bc>\o\HG 'F<=s^C  t 0,*S»  'OVow, 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

Q!  Friction 
^ Wear 

3.  Lubrication 
Surface  Damage 
Failure 

6 Fretting 

7.  Erosion 

6 Adhesion 

Abrasion 

10  Fatigue 

11.  Load  Capacity 

1L  Surface  Temperature 

Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

O Sliding 

2.  Rolling 

3.  Slide/Roll 

Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^ Load/Pressure 

Ge  Velocity 

3 Temperature 

0.  Environment 

O.  Dist/Time/Amp 
(fi^  Geometry 

7.  Finish/Lay 

G>  Composition 
_9,  Structure 

Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

^ Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Cable  Materials  Abrasion  and  Corrosion  Testing 

Name:  Jorn  Larsen-Basse  Affiliation:  Georgia  Institute  of  Technology 

Address:  Ga  Tech,  School  of  Mechanical  Engineering,  Atlanta,  GA  30332 
Telephone:  (A04)  89A-6839 

A 350  kV  submarine  power  cable  is  being  designed  to  link  the  geothermal  fields 
on  the  island  of  Hawaii  with  the  population  center  in  Honolulu,  some  280  km  away. 

Goals  of  the  present  study  are  to  assess  the  potential  of  premature  failure  of  this 
cable  due  to  abrasion  aga.nnst  submarine  rocks,  or  due  to  combinations  of  abrasion 
and  corrosion.  Abrasion  is  a potential  failure  mode  over  part  of  the  route  for  this 
cable  because  of  the  presence  of  rock  outcroppings  from  geologically  recent  eruptions 
and  because  of  the  significant  tidal  currents  at  the  site. 

Initial  work  on  slurry  abrasion  of  various  polymers  used  in  cable  construction 
showed  that  crushed  lava  can  be  very  abrasive  because  of  the  sharp  grains  formed  in  the 
crushing  process.  Attempts  to  correlate  the  results  with  hardness  and  fracture  tough- 
ness of  the  polymers  showed  only  very  qualitative  agreement  with  existing  models. 

Preliminary  slurry  abrasion  tests  of  armor  wire  materials  have  been  combined  with 
corrosion  data  from  the  site  and  with  various  possible  combinations  of  load  and  excursior 
per  cycle.  These  initial  estimates  of  maximum  damage  show  that  failure  due  to  abrasion 
plus  corrosion  could  take  place  in  5-10  years,  well  short  of  the  desired  design  life 
of  30  years. 

Current  tests  are  conducted  in  cooperation  with  the  University  of  Hawaii  and  the 
Hawaii  Natural  Energy  Laboratory.  The  abrasion  of  armor  wire  (cold  drawn  AISI  1085 
steel)  against  slices  of  submarine  lava  rock  is  being  studied  in  order  to  determine  wear 
rate,  change  in  abrasiveness  with  time,  and  change  in  cutting  force  (and  thus  in  possibl 
length  of  excursion  per  load  cycle).  Final  tests  will  include  corrosion-erosion  tests 
in  seawater  with  removal  of  corrosion  products  by  sliding  wear  at  a frequency  simulating 
the  tidal  frequency. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 
d)  Wear 

3.  Lubrication 

4.  Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

Abrasion 

10.  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Impact 

Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

LV  Load/Pressure 

2^  Velocity 

3.  Temperature 
(^  Environment 
Dist/Time/Amp 

0.  Geometry 

7.  Finish/Lay 

8.  Composition 

9;  Structure 

(To])  Physical  Properties 

XT'  Thermal  Properties 

Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 
d^Liquid  Lubrication 

3”^ Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  aporoach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Abrccior.  Ilficistance  of  Tool  Materials  Related  to  Microstructure 

Name:  Jorn  Larsen-Basre  Affiliation:  Georgia  Institute  of  Technology 

Address:  Ga  Tech,  tichcol  of  Iiechcnical  Engineering,  Atlanta,  GA  30332 
Telephone:  (404)094-6039 

Project  goals  are  to  determine  quantitative  relationships  between  the  micro- 
structure, hardness  and  toughness  of  hard  tool  materials  and  their^  resistance  to 
abrasive  wear. 

The  approach  has  been  to  determine  abrasive  wear  rates  at  room  temperature  under 
two-body  or  three-body  conditions  using  various  abrasives  and  to  correlate  the  results 
with  hardness,  fracture  toughness,  and  microstructural  parameters. 

Recent  work  involved  abrasion  of  WC-Co  alloys  by  SiC  in  three-body  testing.  Results 
were  evaluated  using  Zum  Gahr's  model  of  abrasion  due  to  combined  plastic  deformation 
and  brittle  surface  cracking,  and  applying  values  determined  by  indentation 
techniques.  It  was  found  that  the  general  concept  of  the  model  agrees  with  the  results 
but  that  it  vastly  overestimates  the  wear  due  to  brittle  fracture  in  WC-Co  alloys. 

For  these  materials  it  is  also  necessary  to  include  a term  due  to  microfracture  and 
removal  of  WC  grains. 

Work  in  progress  includes  evaluation  of  abrasion  results  for  some  titanium 
carbonitride  cermets  and  for  some  sialon  materials.  For  the  former  group  of  materials 
it  was  found  that  85  yWm  SiC  and  1 diamond  powder  abrasives  give  the  same  variation 
in  wear  rate  with  composition  and  both  remove  material  by  a combination  of  plastic 
indentation  and  brittle  cracking.  Quartz  abrasives,  on  the  other  hand,  remove  material 
by  local  pressure  without  plastic  indentation  which  results  in  microfracture  on  a 
scale  of  the  material's  grains.  The  wear  rate  due  to  abrasion  by  quartz  is  significantly 
affected  by  the  specimen  composition  and  appears  to  correlate  closely  with  wear  rates 
seen  in  machining.  Additional  evaluation  of  the  results  is  in  progress. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

11.  Load  Capacity 

© 

Sliding 

2.  Wear 

12.  Surface  Temperature 

Rolling 

3.  Lubrication 

13.  Contact  Stress 

3. 

Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4. 

Impact 

5.  Failure 

15,  Oil  Analysis 

5. 

Reciprocating 

6.  Fretting 

16.  Life 

6. 

Oscillating 

7.  Erosion 

17.  Filtration 

7. 

Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

Abrasion 

19.  Leakage 

iTT  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

C§/ Composition 

lUnlubricated 

2.  Velocity 

Structure 

T 

Liquid  Lubrication 

3.  Temperature 

Physical  Properties 

3. 

Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4. 

Grease  Lubrication 

5.  Dist/Time/Amp 

12.  Chemical  Properties 

5. 

Solid  Lubrication 

6.  Geometry 

13.  Other  (Please  Specify) 

6. 

Other  (Please  Specify) 

7.  Finish/Lay 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


PROJECT  TITLE 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

.vA  oV-zOs  SL. 

ii  TTi  1 1 arinn  • t j j v'  i # ’ ' 

Address:  O L.«-U-ocK 

Telephone:  £r 

[J  ^ I 


^ pWL 


-f  — •T, r 


"Description  and  Classification  of  Specific  Basic/Applied  Research" 

The  project  has  been  underway  for  several  years  with  the  purpose  of  performing  basic 
research,  design,  and  development  directed  toward  the  design  of  a new  type  of  submarine 
shaft  seal  which  would  have  significantly  greater  life  that  the  present  shaft  seals. 

The  work  has  involved  theoretical  developments  as  well  as  a considerable  experimental 
effort.  The  principle  which  has  been  utilized  to  extend  shaft  seal  life  is  to  use 
waviness  to  enhance  lubrication.  Small  scale  experiments  have  been  completed.  At  the 
present  time,  a full  scale  submarine  seal  design  is  being  completed. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


d) 


(!)  Friction 
Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
(^Abrasion 
10  Fatigue 


© 

12. 

§> 

15 

17. 

20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION 

O Sliding 

2.  Rolling 

3.  Slide/Roll 
4 Impact 

(£;>=leciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED. 


LUBRICATION: 


Load/Pressure 

8 Composition 

Unlubricated 

(3 

Velocity 

9.  Structure 

Liquid  Lubrication 

Temperature 

10.  Physical  Properties 

Y 

Gas  Lubrication 

Environment 

11.  Thermal  Properties 

4 

Grease  Lubrication 

5 

Dist/T  ime/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

Geometry 

Finish/Lay 

13.  Other  (Please  Specify) 

6. 

Other  (Please  Specify) 
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Elevated  Temperature  Sliding  Wear  of  CCT*amic  Coatings 
Name:  Alan  V.  Levy 

Address:  University  of  California,  Berkeley  California  9^720 

Telephone:  ( Ml 5)M86-5822 

The  sliding  wear  of  ceramic  coatings  that  a-^e  suitable  for  use  on 
the  cylinder  wall  liners  of  ceramic  coated  diesel  engines  is  being 
determined.  Coating  systems  that  can  provide  thermal  insulation  and 
have  low  wear  rate  and  friction  coefficient  characteristics  in 
unlubricated  sliding  wear  at  operating  temperatures  to  750°C  are 
sought.  Coating  systems  are  being  procurred  from  experienced  suppliers 
with  controlled  variations  in  composition,  morphology  and  processing 
and  tested  using  a washer  on  disc  specimen  configuration.  It  has  been 
determined  that  thermal  sprayed  chromia  has  much  lower  wear  rates  and 
coefficient  of  friction  at  M00°C  than  at  25°C  because  of  a glazing 
mechanism  which  occurs  on  the  wear  surface.  Efforts  to  understand  and 
optimize  the  glazing  action  are  underway.  Other  ceramics  with 
potentially  similar  behavior  are  being  sought.  Solid  particle  erosion 
of  the  coatings  is  also  being  investigated. 


1 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE;  surface  Texture  Research 


Name:  Joel  A.  Levitt 


Affiliation:  pord  Motor  Company 


Address:  E1158  SRL,  FOB  2053,  Dearborn  MI  48121 
Telephone:  313/323-1609 


In  coordination  with  work  on  adhesive  forces,  boundary  layer  lubricant  rheology, 
catalyzed  lubricant  chemistry,  flow  in  restricted  channels,  diffusion  in  strain  fields, 
slow  crack  growth  and  fracture,  the  objective  of  the  surface  texture  program  is  to 
establish  the  relationship  between  texture  and  component  function  and  durability. 

To  this  end,  we  are  developing  stylus  and  (with  K.C.  Ludema,  UM)  SEM-based 
backscattered  electron  instruments  for  texture  measurement.  Work  is  in  progress  to 
represent  texture  in  a way  that  is  appropriate  to  calculating  the  expectation  value  of 
functions  of  elevation  and  its  derivatives  (to  third  order).  Designed  experiments  are 
anticipated  to  correlate  texture  with  function  and  durability.  Measurements  will  be 
used  in  exploring  the  connection  between  texture  statistics  and  optical  scattering  in 
the  hope  of  developing  an  instrument  suitable  for  measurements  at  production  rates  and 
in  production  environments. 

Interferometric  sensing  of  stylus  position  in  the  direction  of  traverse,  together  with 
mechanical,  thermal  and  electrical  isolation,  has  led  to  an  instrument  that  can  measure 
elevation  to  within  7.5  nm  over  a linear  dynamic  range  of  38  microns  at  points  located 
to  within  150  nm  along  a 3 cm  line  of  traverse.  Noise  reducing  Fourier  methods  can  be 
used  to  integrate  backscattered  electron  data  in  order  to  generate  topographic  maps  of 
surfaces.  It  is  believed  that  precise  measurements  can  be  made  by  incorporating 
fiducial  marks  in  the  SEM  field  of  view,  which  are  used  to  frequently  recalibrate  the 
backscattering  instrument.  So  many  data  are  required  to  develop  reliable  statistics, 
that  it  has  come  to  appear  that  generating  a fourth-order  Markoff-process  nonparametric 
probability  density  function  to  describe  surface  texture  is  impracticable. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


TYPE  OF  MOTION: 


Friction 

Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 


16  Life 


13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 


12.  Surface  Temperature 


11.  Load  Capacity 


^ Sliding 
/ Rolling 
^ Slide/RoH 
^ Impact 


^Oscillating 

7.  Otner  (Please  Specify) 


Reciprocating 


20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 


LUBRICATION 


X'  Load 'Pressure 
Velocity 

^ Temperature 
^ Environment 
^ Disl 'Time  Amp 
^ Geometry 


(OUnlubncated 
(i.'  Liquid  Lubrication 
3 Gas  Lubrication 


Solid  Lubrication 
6 Otrier  (Please  Specify) 


Grease  Lubrication 


13  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  F/Sr.ouS  q A)/^6r^Eri  c ) 

T^oLy/^jEitic. 

Name;  Affiliation;  /r^£*,^pALC 

Address;  9 5 sr.  Ciy^tPoLE 

Telephone; 


/A^  the  Ln/i(P>/^^  opr  /nQy>/^/  Ar/tsJ 

Moo/. 

So(-,  r:) 

L\J 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


Friction 
* Wear 
Lubrication 
Surface  Damage 
I Failure 
I Fretting 
Erosion 
) Adhesion 
Abrasion 
Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
• Film  Formation 
Oil  Analysis 
Life 
17  Filtration 
Noise 

19  Leakage 

20  Other  (Please  Specify) 

Tf^&o  FLEcrA  /C4U 


VARIABLES  CONSIDERED: 


Load/Pressure  W Composition 

Velocity  @ Structure 

Temperature  Physical  Properties 

Environment  (T^  Thermal  Properties 

Dist/Time/Amp  Wp  Chemical  Properties 

Geometry  Other  (Please  Specify) 

IFinish/Lay  £ L£o  T’/t/c.^c  rf-6P*>1'/A^ 


TYPE  OF  MOTION 


Sliding 

Rolling 


3.  Slide/Roll 


4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION 

8 Unlubricated 

Liquid  Lubrication 
3 Gas  Lubrication 
4 Grease  Lubrication 
5 Solid  Lubrication 
6 Other  (Please  Specify) 
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SURVEY  TO  ASSESS  THE  CURRENT  LEVEL  OF  TRIBOLOGY 
RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name; 

Address; 


Frances  E.  Lockwood 

P.O.  Box  7569 

The  Woodlands,  TX  77387 


Telephone  Number;  713/363-8022 


Affiliation;  Pennzoil  Products  Company 


Summary  of  some  of  the  tribological  studies  being  carried  out  at  Pennzoil 
Products  Company. 

1 . Liquid  Crystals  as  "Lubricants” 

Different  types  of  lamellar  liquid  crystals  are  being  studied  for  use  as 
lubricants.  Focus  is  on  determination  of  important  parameters  controlling 
their  rheological  and  tribological  properties,  such  as  viscoelasticity  and 
load-carrying  capability,  EHD  film  thickness,  friction  reduction  and  wear 
reduction,  and  variation  of  rheological  properties  by  electric  and  magnetic 
fields. 

2.  Mineral  Oil  Basestocks 


We  are  Investigating  the  relationship  between  bulk  flow  properties  and/or 
chemical  structure  of  mineral  oils  and  their  useful  temperature  range  of 
application,  friction  and  wear  modes  under  specific  test  conditions,  and 
their  oxidative/thermai  decomposition  tendencies. 

3 . High  Temperature  Lubrication 

Studies  are  being  undertaken  to  design  high  temperature  lubricants  for 
low  heat  rejection  engines.  The  new  class  of  lubricants  will  be  capable  of 
withstanding  temperatures  of  the  order  of  il00-500®C. 

4.  Ferrography 


Wear  monitoring  of  engines  and  of  pumps  and  compressors  through 
ferrographic  analysis  of  used  oil  is  being  conducted.  The  method  consists 
of  "tracking"  the  variation  of  wear  particle  concentration  with  time.  Wear 
particle  concentration  and  the  ratio  of  large  to  small  particles  delineates 
the  wear  regime  (catastrophic  or  mild). 


« 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Fundamental  Research  on  Tribology 

Name'  Ling  and  J.L.  Lauer  Affiliation;  Rensselaer  Polytechnic  Institute 

Address:  Dept,  of  Mechanical  Eng.,  Troy,  NY  12180-3590 
Telephone:  (518)  266-6992 

Reduction  of  ■wear  between  solid  surfaces  in  relative  motion  is  the  global 
concern  of  our  multifaceted  interdisplinary  program.  Therefore  boundary 
lubrication  of  metallic  and  non-metallic  (polymeric  and  ceramic)  surfaces  is 
the  prime  object  of  study  by  a variety  of  approaches  and  techniques,  some  of 
them  specially  designed  or  adapted.  For  example,  we  have  been  studying  (i) 
relations  between  surface  texture  and  wear,  friction  or  failure,  using  both 
SEM,  stylus  and  optical  profilometry  , (ii)  surface  layers  by  elUpsometry,  AES 
and  other  ultrahigh  vacuum  techniques,  and  by  infrared  emission  spectroscopy  (a 
special  'technique  developed  here),  as  a function  of  lubricating  oil  and 
additive  composition,  (iii)  transfer  films  from  polymeric  components  and  their 
relation  to  friction,  (iv)  capillary  and  other  interfacial  forces  at  elevated 
temperatures  to  relate  with  lubricant  flow,  and  (v)  catalytic  reactions  of 
model  compounds  on  surfaces. 

Recent  findings  were  methods  of  generating  friction-reducing  graphitic  carbon 
by  catalytic  dissociation  of  combustion  gases  at  surfaces  and  at  temperatures 
approaching  those  prevailing  in  contacts  of  low  heat-rejection  ("adiabatic") 
diesel  engines  (a  method  of  solid  lubricant  replenishment)  and  relations 
between  failure  mode  and  surface  texture. 

Future  directions  are  toward  new,  especially  ceramic  materials  and  higher 
temperatures. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


LjJ  Friction 
(3^  Wear 

Lubrication 
Surface  Damage 
)Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 
Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 
Filtration 
hSJ  Noise 
1§  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 

LUBRICATION 

$.4^  Load/Pressure 

(^)  Composition 

L Unlubncated 

S2.  Velocity 

Structure 

^ Liquid  Lubrication 

^ Temperature 

(id  Physical  Properties 

(3.’ Gas  Lubrication 

Environment 

Thermal  Properties 

Grease  Lubrication 

'v5.  Dist/Time/Amp 

Chemical  Properties 

Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 

TYPE  OF  MOTION: 

f Sliding 
Rolling 
Slide/Roll 
4 Impact 
(3j  Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Cl) SyUP/ 

i^)W£AK  Ofi  /WJ>  ^AILs 

Name;  L ( V Affiliation; 

Address;  KO  ^ SkoKI-B^  Ccd^C 

Telephone; 

^ET>^C£  THE  ^BAR(Aj'<^  IT/^fCT/o/J, 

op  Kba^(a/(^  rrAlLUf^TB^ 

(f).  7lTT(^<^  BeA^(A.^f^ 

"^b^OCt  \M1£-E  L y^^AK, 

LiU^1]C^\6\J  d~f  y^HB^Ly^RAlL  C^\ItACT^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  on  PHENOMENON  BEING  STUDIED; 


Friction 

Wear 

Lubrication 
Surface  Damage 
I Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 
Fatigue 


11. 


14 

15 

<1^ 

17 

18 

19 

20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressure 
® Velocity 
Q)  Temperature 
Environment 
5 Dist/Time/Amp 
<£>  Geometry 
7.  Finish/Lay 


(E)  Composition 
9 Structure 

Physical  Properties 
n 1)  Thermal  Properties 
Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION: 

Sliding 

Rolling 

® Slide/Roll 
^ Impact 

5 Reciprocating 

6 Oscillating 

7,  Other  (Please  Specify) 


LUBRICATION 

1 Unlubricated 
Liquid  Lubrication 
^ Gas  Lubrication 
<3?  Grease  Lubrication 
(S>  Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  LO(S(L  ICPT?6»^  oF  GX-UAM/S 

Name:  2»IUAieT  K-  Affiliation; 

Address:  3/STl  ^ ?.0.  ^ CA. 

Telephone;  7^3, 2^/?/ 


f/c^ Si^uszr/G/^T/o^  j su^erdFO  s*'/ 
^BsA^aJC^  Td^r  ^ 7^  / A-f t/ «s^ 


Srf/<36.>0  'Z€A>.o^^^C^ 

7Z€0iijr/i/£ 

PtS£geH(^T  (PCTV-  -T^T  ZJ-47^  1 

a>^on?M<.  ffr  -p&ci^c^g.  HAorL 

ft  -Sar  ,s?p72-A37=ro  70 

OAin  fex-  ^ irp>e/£Ty  or  6SAJ£>/r7o-^5 . 

Tt'^/AJCCF^poprrs-o  y %,OZ.H  _ 

7=’-e«ioe)F  Oi.  T/rfe-  eorro^rrt^  erp^sr^. 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
(Wear 
Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 


10  Fatigue 


^Load  Capacity 
surface  Temperature 
Contact  Stress 
14  Film  Formation 
^Oil  Analysis 
.ife 

Filtration 
'foise 
Leakage 
20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


A 

2* 

3 

4 

5 

\U 


Load/Pressure 

Velocity 

Temperature 

Environment 

Disf/Time/Amp 

Geometry 

Finish/Lay 


8 Composition 

9 Structure 
/^Physical  Properties 
L_x  Thermal  Properties 

12  Chemical  Properties 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION 

iSliding 
'Rolling 
D.JSlide/Roll 
Impact 
S,  Reciprocating 
Oscillating 

1 Other  (Please  Specify) 


LUBRICATION 

Unlubricated 
/Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
)Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


.0 


PROJECT  TITLE;  'J' 'J~ 

Name;  //  6'  Affiliation:  i/yu^ 


Address:  6’-6^  y-^/oV-z/^ . 

Telephone;  ^ y ^ ^ 


a 


y 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


5 

6 

7 

^• 

C^' 

CIS-' 


Friction 

;Wear 

'Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
•Adhesion 
Abrasion 
.'Fatigue 


/Ci-  Load  Capacity 

^12. 


Surface  Temperature 
^3^  Contact  Stress 
T4  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


1.  Load/Pressure 
Velocity 
Temperature 
( 4 Environment 
Disi/Time/Amp 
^6  Geometry 
(7  7.  Finish/Lay 


Cs  Composition 
Structure 

Physical  Properties 
11.  Thermal  Properties 
Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION; 

Sliding 

2.  Rolling 

3.  Slide/Roll 

4.  Jmpact 
('^J^eciprocating 
^6  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION; 

(^^'Unlubricated 
Cj3t.  Liquid  Lubrication 


Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

HEAT  GENERATION  DURING  ARTICULATION  OF  CO-CR-NO  ALLOY  ON  UHHW  POLYETHYLENE 
IN  HIP  AND  KNEE  PROSTHESES  AND  THE  EFFECT  ON  CREEP  AND  NEAR  RATES  OF  IMMWPE 

a.A.  DAVIDSON.  6.  SCHNARH.  AND  G.  LYNCH 

RICHARDS  MEDICAL  COMPANY.  MEMPHIS.  TEIWESSEE 


have  shown  that  significant  RESULTS 

can  be  generated  during  hgure  2 shows  the  comparative  amounts  of  heat 
This  heat  generated  In  the  hip  and  knee  tests.  Significant 
acetabular  heat  is  generated  in  both  systems,  increasing 


INTRODUCTION 
Recent  studlesfl] 
amounts  of  heat 
articulation  of  femoral  prostheses. 
can  explain  Increased  wear  of 

co^onents  In-vivo.  In  addition  to  lubricant  with  articulation  time.  Figure  3 shows  the 

volrae  and  cyclic  load  magnitude,  the  amount  of  effect  of  temperature  on  the  creep  rate  of 

heat  generated  is  related  to  the  articulating  uhwhpE.  The  heat  generated  can  Increase  the 

’i  polished  alumina  ceramic  against  creep  rates  several  fold.  Nork  Is  ongoing  to 
Itself  being  low,  against  UHMWPE  being  moderate,  evaluate  the  wear  rate  of  UHMWPE  at  elevated 
and  Co-Cr-Mo  alloy  against  UHMWPE  being  high,  temperatures 
The  temperature  of  both  the  head  and  cup  can^„.,^,ioY 

Issue  not  addressed  previously, 
s study  was  undertaken  to k-at  can  be  generated  during 
determine  If  similar  heating  tendencies  exist  5®  both  hip  and  knee  prostheses 

with  a Co=Cr=Mo  knee  prosthesis  articulating  loading.  This  heat  can 

xB.ino  .mwuor  lo.ding.  The  “"J®" 

generated  on  the  creep  likewise  be  expected  to  increase,  thus 

exolalning  why  In-vivo  wear  rates  are  greater 
MATERIALS  AND  METHODS  Than  Th»T  ^ene^ny  ^predjcte^^^ 

of  1 ■!,  Simultaneously,  the  cup  was  swiveled  at  P 

one  cycle  per  second.  The  cup  was  machined 


easily  reach  60O  C In  less  than  30  mfnutes 
articulation  time.  This  «tiiHw  .„Althougn 


against  UHMWPE  under  normal 

effect  of  the  heat  , 

behavior  of  UHMWPE  was  also  evaluated. 


Time,  Sec. 

Figurm  1.  Load  History 


10  20 
Articulation  Tima.  Min 
Figure  2.  Hoot  Gonoratieiv 


REFERENCES 

■[TJ  Davidson,  J.A., 
Heat  Generation 
Articulation  in 


and  Schwartz,  G.,  ’Surface 
and  Localized  Creep  During 
* Total  Hip".  Proe.  33rd 


ORS,  San  Francisco,  CA,  Jan.  1987. 


UHMWPE,  and  was  articulated  against  a 32  

diameter  polished  Co-Cr-Mo  femoral  head.  The 
physiological  knee  lead  history  was  the  same, 
during  which  the  flexion  ranged  between  0®  and 
35®  over  a one-second  interval.  The  articulating 
materials  were  the  same  as  that  used  for  the  hip 
tests.  The  UHMWPE,  in  all  testing,  received  2.5 
KRads  gamma  sterilization.  The  water  lubricant 
level  in  the  knee  tests  was  sufficient  to 
maintain  a wet  surface.  During  each  test, 
temperature  measurements  of  both  surfaces  were 
measured  by  briefly  Interrupting  the  test.  Creep 

tests  were  performed  on  machined  tensileease  Circle  All  Appropriate  Parameters) 
specimens  of  UHMWPE  at  various  temperatures  for 


10 

B 

I « 


IRRADIATED 
UHMWPE,  n = 5 


arc 


sac 


BO‘C 


applied  stress  of  7.7  MPa. 

PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

n A Friction 

1 2.  Wear 

I 3.1  Lubrication 

Surface  Damage 

5 Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1 Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 
d)  Oscillating 

7 Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

© Load/Pressure 

W Velocity 
@ Temperature 
® Environment 
© Dist/Time/Amp 
^ Geometry 

7 Finish/Lay 

© Composition 

9.  Structure 

10  Physical  Properties 

Thermal  Properties 

J2  Chemical  Properties 

13  Other  (Please  Specify) 

® Uniubficated 
^ Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

Namei  Nj-H*  /I  Affiliation, 

Address:  (v>'^  IbSr^o. 

Telephone:  <^/4  - ^ - o » S’®  . 


PROJECT  TITLE:  <ot< 


A sU^ 

^ yj  l/C*. 


'S  'J 

S,  C-n-yS  \'>-^  S‘*-y/^ 


V <i»  vj  ■ 


(- 


l“W 


NJaXL  .i  ‘'A  c- 


^ I©  . At^  ^ 

A^"**  "***'  ta«i  ^ C3W^  *='  C-"^ eftasT J 

t.rL-  W^*Vy.«'  ^ <3  ^ <Oy.r=^  »— ^luy*.  C/VV" ■*.4.<>«»/A\ 

y /Cv  ^ ^ ”2.  C..  /” 

_ <~A/Vy  ” r<</V<fcy-* '«»A  I*' 

*w.  0 ekw^yAs  tfv  S rV«y^lLy  . J-V"  ■=^‘’  '*^  -S^f^ 

(V  c/^ '.t^ 

A t^u>'<e/K'<-i-^  O-A 

^^^■  aViwi^Ty'  ’*  ^ ^ I 1>5  "fc 

u.«.  4;^* '>W^<wl  xi  ..^v  .aa..xAv  X— 

. - r~  {A>L  tc.'vxxi  p <=./^ 


.V-  s/^.^  6.1“^^  Uxwx -CxA^  . i ^ 


-MX 


^ >*—4  ./^  «x_/4  C«»i.y^ ^ p I ■sx^K  4- 


i/-0  UA4 


CKi« 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

^ Friction 

1 1 . Load  Capacity 

- 

© Sliding 

© Wear 

12.  Surface  Temperature 

2 Rolling 

3.  Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

/^Surface  Damage 

14  Film  Formation 

4.  Impact 

Failure 

15.  Oil  Analysis 

Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9.  Abrasion 

19  Leakage 

10,  Fatigue 

to  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

Composition 

^ Untubricated  ' 

2 Velocity 

Structure 

2.  Liquid  Lubrication 

^ Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

Environment 

1 1 Thermal  Properties 

4.  Grease  Lubrication 

3 Dist/Time/Amp 

12  Chemical  Properties 

5.  Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  ^ twxs  - /\ 

(sJ  H-  r\f,c -u-..  Affiliation: 


Name: 


Affiliation: 

Address:  U^^,/<ri-,\vy  P-A.^  PA 

Telephone;  oi^. 


A 


l>cr^  ^w.  UJC-  G. 


Lk>kA«jr  Lxt...  va 


Ac. 


•i”  (va 


A 


..  oOW-  'p'-^  f' 


/ pt-  A^v^iY  t^hu-  C *" 


0^ 


C!)  — Uo  ''/c,  ^ 

«:ov/^Uac  ^ Ao^ 


<^"S  ^Xj'Vvv  ^ 


iS 


.-wry 


k 'T^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Ffietion 

1 1 Load  Capacity 

• 

1 Sliding 

2,  Wear 

12.  Surface  Temperature 

2 Rolling 

3 Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

(|4^lmpact 

S.  Failure 

15  Oil  Analysis 

Reciprocating 

^ Fretting 

16  Life 

6.  Oscillating 

Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9.  Abrasion 

19.  Leakage 

to.  Fatigue 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

Composition 

Unlubricated 

2.  Velocity 

7^  Structure 

^ Liquid  Lubrication 

3.  Temperature 

TtJ^  Physical  Properties 

3.  Gas  Lubrication 

4.  Environment 

11.  Thermal  Properties 

4 Grease  Lubrication 

5.  Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  C . 

Name:  ^ Affiliation: 

Address:  sb'T  T>aA  ^ 

Telephone:  Hi -o' So. 


A 


<-r«  Vn. 


5 


oc-cA 


/s5 


4 


^ 'ic«-fcv-  |5>' 

Uj  C ' (L  SnWu.,  CN/VJ- 

i^sJ<sUJL^  ^ ^ 


C ^ ( 10*=^ 

At  ;-»v-  ‘^-*'\'  t,  i tXo  . 


^.yU  pW^ 
Atfww.  / ^-‘-3 


i 


^ cc/v» 

css^bsJ'^C. 


p\fcA‘’«AA'’  "'W'  ^ V«««^vk  ^ 

^\|  M 9..'%^  AcfiLx^.^  sW#N.iA5t<9.=B  Sj  > 1 4^4.  (^=..4. 

C.<^  Or^LtJ” 

A^9'|S4ii9~AA99-<_t  (.  iA««V«~X  ■"t.-tf.  I < 


I a^^A'’  ^ «.XC  »v.(.. 


(Please  Circle  All  Appropriate  Parameters) 


1 PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1 Fficlien 

1 1 Load  Capacity 

. - 

1.  Sliding 

2.  Wear 

12  Surface  Temperature 

2 Rolling 

3 Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4 Surface  Damage 

14,  Film  Formation 

/T^lmpacl 

5 Failure 

IS  Oil  Analysis 

Reciprocating 

Fretting 

1g  Lite 

6 Oscillating 

Erosion 

17,  Filtration 

7.  Other  (Please  Specify) 

IT  Adhesior^ 

16  Noise 

9 Abrasion 

19  Leakage 

16  Fatigue 

20  Other  (Please  SpeeityH 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1 Lesd/Pressure 

J^r)Compositieft 

Unlubricated 

2.  Velocity 

Structure 

Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3.  Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4.  Grease  Lubrication 

S Oist/Time/Amp 

12  Chemical  Properties 

5.  Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finisb/Lay 

.iCr 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE-  /^<3 ,cu  r/o/v'  of  uo&l.  oh.  /^y  aV/(S« 


Name: 

Address: 

Telephone: 


^S,  (bo/f  393 
SD/y 


Affiliation:  C.S.S.  y^ssoc*^7&s^  / ‘^c  . 

IRo  • rS o >r 


'k’fec.if? Cc’^f^rZt£>s>OiLS  H'^'^ou^q  CO^  oa. 

w Ti-(£.  To  (ZkSa&o  £-i.  ^/E£_  PpC  'THtsiL 

~C>  t F^HL  o LTt  Bs>  To  i^u  ^ e.^c.  xK-re  . f^srory  uje.A/2.^  PisroAy  (Zoz? 

f < Tiea.S./OAJ  S ^a/£)  P/STo/^  SCoFFff^Ct  FFHlu(S&S>  boO  t4<njC2i  /s 

/VOT  UKJOSOf,U’  THt  A//=-£  /5  tU^OGo 


F«  OfKias  * 

/.  T-«fee£  /s' 

YfcT  L>a;  Ot-Fi  r^hp 

2.  co^  '^1.  '-=■ 

0>us  (j^BFkTcy  ^tOUCt*>  TmL  O'L. 


CjOfv^  pBfy  A ^ 

/fj  y^CL. 

1/  fScos^iTy 


3.  LiQuiG  lyuAYtiZ.  IS  FiLz-no^T  FLUJAys  p /ZisL'^T  <Z<Z£<AYi(^G 

t^CiO  <QTT/PCiC  'V  <<1.5  LO  &.(.L  /A  ^ '^luFY^d.  LaJASHI'^Q 

The  cfc.  so 




S. 

Puro  tzt 

VOs. 


SP  HALTB^aj  ts  Fo/tf^A  Ff^£)  P>  OgP  £>Or  IFSsOh.  THB 
dl/L!^  Ok.<t  ^ lAf5i£)t  TfZAFS^  A-yO  OaJ  ( ^ T ^ o l.S£ 


T(ZACt-  QoAAyTiTik^ 


pic.  FiC^A, 


FM'-j  H'iO(Zj3  C.A  HihcO  <r>^^SS£5. 

’To  LidsUtPy  AaoO  D/t(JT£.  T7v£-  '•' oi^CE.-  ThiUpO  a h 

O ifiB-cTiot^ : 

'P/to&yZB.SS.  UtiTH  hit**yE.d.  Ti4^jZ*Ao  Pz^&TtCS, 

n/sjo  c^i~ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

1.  Friction 

(1*1^  Load  Capacity 

Sliding 

^QWear 

12.  Surface  Temperature 

2 Rolling 

Lubrication 

13.  Contact  Stress 

3 Slide/Roll 

^OSurface  Damage 

14.  Film  Formation 

4.  Impact 

^S^Failure 

d^  Oil  Analysis 

^^Reciprocating 

(T)  Fretting 

16.  Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9y  Abrasion 

19  Leakage 

Fatigue 

20  Other  (Please  Specify) 

variables  CONSIDERED; 

LUBRICATION: 

^T)  Load/Pressure 

8.  Composition 

dlT)  Unlubricated 

Z Velocity 

9.  Structure 

(^^  Liquid  Lubrication 

O)  Temperature 

Physical  Properties 

3.  Gas  Lubrication 

tT)  Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

Chemical  Properties 

5 Solid  Lubrication 

6,  Geometry 

13.  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 Finish/Lay 

188 


DESCRIPTICfN  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Borg-Warner  Indo  Products,  Inc. 

Name:  J.  A.  Marsi  Affiliation:  pump  Division 

Address:  4926  Elkridge  Dr., R. Palos  Verdes, CA.  90274  2300  E.  Vernon  Avenue 

Telephone:  (213)  541-1350  Vernon,  CA.  90058 


Various  projects  in  large,  high  duty  mechanical  seals  with  hydro- 
dynamic lubrication,  used  in  primary  coolant  pumps  at  nuclear  power 
generating  plants  (9"  seal  size,  2250  psi  system  pressure,  1200  rpm). 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

0 Friction 

0 Wear 
® Lubrication 

4 Surface  Damage 

5.  Failure 

6.  Fretting 

7 Erosion 

8,  Adhesion 

9 Abrasion 

10  Fatigue 

11  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 
@ Film  Formation 

15  Oil  Analysis 

16.  Life 

17.  Filtration 

18  Noise 
@ Leakage 

20  Other  (Please  Specify) 

© Sliding 

2 Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

variables  CONSIDERED: 

LUBRICATION: 

0 Load/Pressure 

2 Velocity 

0 Temperature 

0 Environment 

0 Dist/Time/Amp 
(E',  Geometry 

0 Finish/Lay 

Composition 

9 Structure 
(ft:  Physical  Properties 
iQ  Thermal  Properties 

Chemical  Properties 

13.  Other  (Please  Specify) 

1.  Unlubricated 

Liquid  Lubrication 

T Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 

189 


/ 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  aporoach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Tool/chip  Interface  Lubricooling  Effect  During  High  Pressure  Waterjet 
Injection  Study 

Name:  Dr.  Marian  Mazurkiewicz  Affiliation;  University  of  Missouri-Rolla 

Address:  Rock  Mechanics,  Rolla,  MO  65401 
Telephone;  (314)  341-4316 

Metal  machining  is  the  most  basic  of  all  manufacturing  processes.  The  principal 
cost  of  shaping  metal  parts  is  generated  both  in  the  work  involved  in  shearing  metal 
from  the  original  stock  at  the  area  where  chip  is  formed  and  also  in  the  work  required 
to  overcome  the  high  frictional  forces  which  exist  between  the  chip  and  rake  face. 

Current  techniques  for  the  lubrication  and  cooling  of  this  area  are  not  very  effective, 

resulting  in  a machining  cost  which  is  much  higher  than  it  needs  to  be.  A more 

efficient  lubricooling  effect  can  be  achieved  by  the  use  of  a high  pressure  water  jet 
(40,000  psi)  directed  into  tool/chip  interface.  Technical  study  conducted  so  far 
at  RMERC  indicated  extremely  good  results  and  basic  research  need  to  be  done  to  under- 
stand the  nature  of  jet  action.  The  results  of  this  work  will  help  to  improve  developed 
method  (Invention  Disclosure  UMR-86-032)  and  utilized  in  industry  at  once. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

11.  Load  Capacity 

© Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

(^  Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14.  Film  Formation 

4 Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17  Filtration 

7 Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9.  Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION: 

© Load/Pressure 

8 Composition 

1 Unlubricated 

© Velocity 

9 Structure 

Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12  ChGmical  Prop6rties 

5 Solid  Lubrication 

Geometry 

7.  Finish/Lay 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  R&D  of  Fluids,  Lubricants,  Elastomers  and  Coatings 

Name:  B.  D.  McConnell  Affiliation; 

Address:  AFWAL/MLBT,  WPAFB,  OH  A5433-6533 
Telephone:  513-255-9033 


Project  Goal:  Develop  nonflammable  hydraulic  fluid  for  -65°  to  350°F,  8000  PSI 
operation. 

Approach:  Develop  chlorotrif luoroethylene  (CTFE)  formulations  and  compatible 

elastomeric  seals  meeting  the  physical,  chemical,  and  operational  requirements. 

Project  Goal:  Develop  low  temperature  (-65°)  less-flammable  hydraulic  fluid 
for  -65°F  to  275°F  operation  in  current  aircraft  systems. 

Approach:  Tailor  properties  of  polyalphaolef in  basestocks  to  meet  -bS^F 
capability  while  maintaining  fire  resistant  properties. 

Project  Goal:  Develop  -60°  to  400°F,  4cSt  turbine  engine  oil 


Approach:  Develop  ester  based  candidates  having  required  properties  . 


Future  Directions:  Establish  program  to  develop  high  temperature 
(600  - 700  F)  turbine  engine  oil  in  support  of  the  high  performance 

turbine  engine  initiative. 


Establish  inhouse  tribology  program  to  investigate  surface  interaction 
properties  of  solid  lubricants  in  contact  with  metal/ceramic  bearing  surfaces. 
Determine  the  fundamental  mechanisms  governing  adhesion,  friction,  and  wear 
loading  to  the  development  of  new/improved  solid  lubricant  materials  for 
advanced  Air  Force/SDI  systems. 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


TYPE  OF  MOTION; 


^ Friction 
\Near 

^ Lubrication 
^ Surface  Damage 
Failure 
(E'  Fretting 
7 Erosion 
Adhesion 
(S'  Abrasion 
<To^  Fatigue 


(Th  Load  Capacity 

Surface  Temperature 
Contact  Stress 
(Tc  Film  Formation 
15  Oil  Analysis 
Life 

17  Filtration 

18  Noise 
ds'*  Leakage 

20  Other  (Please  Specify) 


variables  considered 


G' 

(2" 


Load/Pressure 

Velocity 

Temperature 

Environment 


5 Dist/Time/Amp 
Geometry 
^'^Finish/Lay 


§ Composition 
i Structure 
Physical  Properties 
<fl'  Thermal  Properties 
(fT  Chemical  Properties 
13.  Other  (Please  Specify) 


^ Sliding 
Rolling 

(p  Slide/Roll 
4 Impact 
(S  Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

G'  Unlubricafed 

Liquid  Lubrication 
3 Gas  Lubrication 
S'  Grease  Lubrication 
Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  ^ 

^ Affiliation:  C/IC /r 

Name.  Orthopoedsc  Biomechonics 

Address:  Grfhopcedic  Hoipitoi  — use 

Telephone;  24C0  S.  Flower  St. 

ios  Angeles,  Calif.  900C7 


Our  program  is  based  on  a ten-station  servo-hydraulic,  microprocessor  controlled 
joint  simulator  for  friction  and  wear  testing  of  prototype  and  production  models  of 
artificial  human  hip  joint  replacanents . These  joints  typically  consist  of  a "hard" 
ball  (e.g.,  metal  or  ceramic)  bearing  against  a "soft"  (e.g.,  polyethylene)  socket. 
The  joints  are  usually  run  at  about  one  cycle/sec  under  a load  varying  between  100 
and  2000N  (mimicking  the  human  hip  joint)  with  bovine  blood  serum  lubrication. 
Frictional  torque  between  the  ball  and  ciqp  is  measured  under  static  load.  Wear  is 
quantified  by  weighing  the  polymer  ci^s.  Variables  examined  include  the  type  of 
polymer,  processing  techniques,  amount  of  sterilization  dose  (ganma  radiation) , 
ball  material  (titanium  alloy,  ccbalt-based  alley,  stainless  steel,  almana  ceramic, 
pyrolytic  graphite) , ball-diameter,  ball-cip  clearance,  surface  finish,  surface 
hardening  treatments  (e.g.,  nitriding,  ion  implantation,  diffusion  hardening,  etc.) . 
These  variables  are  related  to  the  durability  of  the  surface  of  the  "hard"  ball  and 
the  resultant  amount  of  wear  of  the  soft  polymer  cup.  Recent  findings  have  been 
described  in  the  following  publications: 


1 . 


2 . 


Clarke,  I.,  McKellop,  H., 
of  Ti-6Al-4V  implant  alloy 
combinations.  In  Titanium 
Kubli,  Eds.,  ASTM  STP  796, 


McGuire,  P.,  Okuda,  R.,  Sarmiento,  A:  Wear 
and  ultrahigh  molecular  weight  polyethylene 
alloys  in  Surgical  Implants,  H.  Luckey , F. 
ASTM,  Philadelphia,  136-147,  1983. 


McKellop , H.  , Clarke  , I 
weight  polyethylene.  In 
Syrett  and  Arharya,  Eds 


: Degradation  and  wear  of  ultrahigh  molecular 

Corrosion  and  Degredation  of  Implant  Materials , 
, ASTM  STP  684,  ASTM,  Philadelphia,  1985. 


(over) 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


h?  Friction 
Wear 

^ Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 
7.  Erosion 
(8  Adhesion 

Abrasion 
Fatigue 


T9 

10 


11, 

12. 

13 

14 

15 

10 

19 

20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


Qy  Load/Pressure 

2 Velocity 

3 Temperature 
(^4‘  Environment 

5 Dist/Time/Amp 
€ Geometry 
Finish/Lay 


Composition 
'^9.  Structure 

Physical  Properties 
1 1 Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


TYPE  OF  MOTION; 


4 

5 

6 

7, 


Sliding 

Rolling 

Slide/Roll 

Impact 

Reciprocating 

Oscillating 

Other  (Please  Specify) 


LUBRICATION 

1.  Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE,  Coal  Fired  Diesel  Research 


Affiliation; 


Name;  Richard  L.  Mehan 
Address;  P.O.  Box  8,  Kl-MB-143 


General  Electric  Company 
Corporate  Research  & Development 


Telephone;  Schenectady,  NY  12301 
(518)  387-61 &5 


Develop  engine  components,  primarily  piston  rings  and  cylinder  liners, 
that  will  survive  running  in  a combusted  coal  water  slurry.  Approach 
is  to  screen  materials  and  coatings  on  a rlng-on-block  and  pin-on-disc 
machine,  followed  by  bench  testing  in  a four-inch  single  cylinder  diesel 
engine  running  on  a simulated  coal  fuel.  Several  promising  coatings  and 
materials  identified,  primarily  in  the  tungsten  carbide  family  of 
compounds. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OB  PHENOMENON  BEING  STUDIED: 


TYPE  OF  MOTION 


11  Load  Capacity 

12  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  jOjj  Analysis 

17  'Tiltration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


■2— ROTing 
3.  Slide/Roll 
4 Impact 


5 Failure 

6 Fretting 

7 Erosion 


VARIABLES  CONSIDERED: 


LUBRICATION: 


(_2  Liquid  Lubrication  ) 
^ Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 


1.  Unlubricated. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name;  Val  Mashrin  Affiliation.  AVCO 

Address;  550  S.  Main  St.,  Stratford,  CT  06497 
Telephone;  (203)  385-3749 


Avco  Lycoming  Division  is  one  of  industrial  sponsors  financially  supporting  the 
center  for  Engineering  Tribology  of  Northwestern  University,  headed  by  Dr.  Herbert 
S.  Cheng  The  major  objective  of  the  center  is  to  advance  the  understanding  of 
the  tribological  processess  controlling  lubrication,  friction,  wear,  and  failure  between 
two  elastically  or  plastically  deforming  contact  surfaces.  Four  major  programs 
have  been  conducted  by  the  center. 

Prog.  A - Thin  - film  lubrication  breakdown. 

Prog.  B - Contact  fatigue 

Prog.  C.  - Surface  film  technology 

Prog.  D - Computer  aided  tribology 

More  detailed  information  can  be  obtained  from  Dr.  Herbert  S.  Cheng,  Center 
for  Engineering  Tribology,  Department  of  Mechanical  and  Nuclear  Engineering 
Northwestern  University,  IL  60201  Tel.  (312)  491-3614. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION: 

Friction 

Load  Capacity 

1 

Sliding 

ra  Wear 

QP 

Surface  Temperature 

{Z.  Rolling 

(y  Lubrication 

Contact  Stress 

3 

Slide/Roll 

^ Surface  Damage 

04' 

Film  Formation 

4 

Impact 

Failure 

IS 

Oil  Analysis 

5 

Reciprocating 

W Fretting 

h 

Life 

6 

Oscillating 

® Erosion 

T7 

Filtration 

7. 

Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

Abrasion 

19 

Leakage 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

<4^  Load/Pressure 

8 

Composition 

1 

Unlubricaied 

1^  Velocity 

9 

Structure 

Liquid  Lubrication 

Q.  Temperature 

iTb. 

Physical  Properties 

Gas  Lubrication 

4 Environment 

Tl 

Thermal  Properties 

4 

Grease  Lubrication 

5 Dist/Time/Amp 

CL2- 

Chemical  Properties 

5 

Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

(7.J  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name:  ^ Affiliation:  ^ n 

Address;  S ^ 3 z / 

Telephone:  ^ ^ ?o9 


T 

yC — 


y,,,azJ 


A L - 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1 

Friction 

11 

Load  Capacity 

1 

Sliding 

2. 

Wear 

12. 

Surface  Temperature 

2 

Rolling 

3 

Lubrication 

13 

Contact  Stress 

3 

Slide/Roll 

4 

Surface  Damage 

14 

Film  Formation 

4 

Impact 

5 

Failure 

15 

Oil  Analysis 

5 

Reciprocating 

6 

Fretting 

16 

Life 

6 

Oscillating 

7 

Erosion 

17 

Filtration 

7. 

Other  (Please  Specify) 

e. 

Adhesion 

18 

Noise 

9 

Abrasion 

19 

Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION, 

1 

Load/Pressure 

8 

Composition 

1 

Unlubricated 

2 

Velocity 

9 

Structure 

2 

Liquid  Lubrication 

3 

Temperature 

10 

Physical  Properties 

3 

Gas  Lubrication 

4 

Environment 

11 

Thermal  Properties 

4 

Grease  Lubrication 

5 

Dist/Time/Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

6 

Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7 

Finish/Lay 

f 


« 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  AN  INVESTIGATION  OF  MODE  II  FATIGUE  CRACK  GROWTH 
DUE  TO  CONTACT  LOADING 

Name;  Gregory  R.  Miller  Affiliation.  Department  of  Civil  Engineering 

Address;  University  of  Washington,  FX-10  University  of  Washington 

Telephone;  Seattle,  WA  98195 
(206)  543-0350 


The  goals  of  this  study  are  to  derive  a basic  understanding  of  the 
mechanics  by  which  a fatigue  crack  grows  when  subjected  to  the  shear/ 
compression  loading  arising  in  the  contact  between  bearing  elements,  and 
to  distill  from  this  understanding  a growth  law  which  can  be  used  in  life 
prediction  calculations.  The  present  study  is  analytical  in  nature, 
although  experimental  studies  are  foreseen  for  future  projects. 

To  date  our  work  has  focused  on  characterizing  the  crack  tip  behavior 
for  subsurface  cracks,  including  the  mechanics  of  the  branching  of  such 
cracks  leading  to  pit  formation.  The  remaining  tasks  will  involve 
inclusion  of  plasticity  and  development  of  a growth  criterion  and 
growth  law. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 

TYPE  OF  MOTION 

1.  Friction 

2 Wear 

3 Lubrication 

4 Surface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 

e Adhesion 

9 Abrasion 
(I'S^Faiigue 

11  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

1.  Sliding 

2.  Rolling 
(^Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

(^^Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 
Geometry 

7 Finish/Lay 

8 Composition 

Structure 

Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

^J^Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 

SURVEY  TO  ASSESS  THE  CUr'iSInT  LEVEL  OF  TRIBOLOGY 
RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name:  roH ^ 

Address: 

P/)i-L-/^S  T> , 1£BZQ 
Telephone  Number: 

Zf^~3Zl^o2'U 


Affiliation:  uni(r€RbC/<  /'VC 

Zv.  BoK  7iOO?t> 

ORLL/^S,  / X 7357i  ^ 


THE  RECIPROCATING  PUMPi  Theory,  Design  and  Use 
by  John  1.  Miller 


From  the  Prefaceo..  "For  many  years  there  has  been  some  confusion  in  the  matter 
of  the  effects  of  liquid  dynamics  'flow  variation  and  acceleration)  on  the 
performance  of  reciprocating  pumps.  One  possible  reason  is  the  great  difference 
between  reciprocating  and  centrifugal  pumps  —those  dealing  with  the  latter 
usually  are  not  confronted  with  the  same  types  of  disturbances.  Another  reason 
is  the  neglect  that  reciprocating  pump  theory  has  experienced  in  the  midst  of  an 
increase  in  the  problems  resulting  from  high  speed  operation  as  the  result  of 
manufacturers  frequent  speed-up  ratings  applied  over  the  years  due  to  the  ^ 
pressure  of  competition  and  economics..." 


THE  RECIPROCATING  PUMP”  Theory,  Design  and  Use  represents  the  most  complete 
collection  of  Reciprocating  Pump  technical  and  practical  information  ever 
assembled.  For  the  first  time,  many  practical  aspects  of  a reciprocating  pump 
have  been  combined  with  theory  to  provide  a convincing  explanation  of  previous 
mysterious  and  misunderstood  parameters,  including  liquid  acceleration, 
acoustics  and  NPSH.  Chapter  by  chapter,  the  following  topics  are  covered: 


Pump  Types  - Dynamics  - Net  Positive  Suction  Head  - Pulsation  and  Surge  Control 
Pump  Design  - Liquid  Ends  - Extendable  Parts  - Valves  “ Slurry  Pumping 
Part  Wear  and  Life  - Applications  - Instrumentation 
Theory  of  Flow  in  Pump  - Appendix 


The  section  on  Slurry  Pumping  goes  into  great  detail  on  the  subject  of  the 
relatively  new  industry  of  transporting  solids  in  the  form  of  a liquid  slurry  by 
the  use  of  Reciprocating  Pumps.  In  order  to  provide  a comprehensive  encyclopedia 
of  reciprocating  pumps,  chapters  13  and  14  contain  many  useful  tables,  charts, 
conversions,  etc.  enabling  the  reader  to  carry  a pumping  project  from  conception 
to  retirement. 


Many  subjects  in  this  book  are  covered  by  means  of  discussion,  allowing  the 
reader  to  better  understand  the  cause  and  effect.  In  many  cases,  examples  of 
calculations  and  derivations  are  given  to  support  the  explanation.  Historical 
aspects,  aside  from  their  casual  interest,  serve  as  a warning  on  the  use  of 
unworkable  ideas,  or  they  may  inspire  new  ideas. 


For  more  information,  see  reverse... 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  COMPRESSOR  OIL  DEVELOPMENT 

Name:  Glenn  Do  Short,  Manager,  ^ , Affiliation;  CPI  ENGINEERING  SERVICES,  INCc 

Address:  PO  BOX  1924  envelopment 

Telephone;  (517)  496-3780 

PROJECTED  OPALS 

Synthetic  fluiids  and  unique  semi  synthetic  fluids  derived  by  high 
temperature  hy(drocracking  of  mineral  oils  are  being  examined  for 
oxidative;  chemical;  thermal  and  physical  properties. 

METHOD  OF  APPROACH 

Exposure  to  various  environments  under  laboratory  con(ditions  and 
compressor  field  testing 

RECEISTT  FINDINGS 

* Energy  savings  for  centrifugal  compressors 

* Long  life  in  air  compressors  - examine  new  base  oils  and  antioxiidants 

* Hydrotreated  ( hydrocr acked ) ISO  paraffinic  oil  formulated  for 
ammonia  refrigeration  applications 

* Unique  polyolester  for  low  evaporator  temperature  / energy 
efficient  operation  in  rotary  screw  refrigeration  compressors 

' * Corrosion  inhibitor  for  gas  compression  with  H2S 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION; 

1.  Friction 

2.  Wear 

3.  Lubrication 

4 Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9 Abrasion 

10  Fatigue 

1 1 . Load  Capacity 
■ 12.  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 
rrS  Oil  Analysis 
^ Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

^/Sliding 

Rolling 

3.  Slide/Roll 

4 Impact 

Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

1.  Load/Pressure 

2 Velocity 
Temperature 
Environment 

5 Dist/Time/Amp 

6 Geometry 

7 Finish/Lay 

Composition 

9.  Structure 

10  Physical  Properties 
(Tiy  Thermal  Properties 

Chemical  Properties 

13  Other  (Please  Specify) 

Unlubricated 

L2. 'Liquid  Lubrication 

3_,  Gas  Lubrication 

C£' Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE; 


TITLE:  TRIBOLOGY  OF  STRUCTURAL  CERAMICS,  CERAMIC  COATINGS,  AND 

CERAMIC  COMPOSITES. 

NAME:  KA2UHISA  MIYOSHI,  Ph.D.  AFFILIATION;  NASA-LEWIS  RESEARCH 

CENTER. 

ADDRESS:  M.S.  23-2,  21000  BROOKPARK  ROAD,  CLEVELAND,  OHIO  44135 

TELEPHONE:  (216)  433-607S 

GOALS:  To  understand  the  tundaiTiental  mechanisms  involved  in 

adhesion,  -friction,  lubrication,  and  wear  of  ceramic  materials, 
both  bulk  and  coating  structure^ as  well  as  the  properties  of 
materials  which  influence  their  tribological  behavior. 

METHODS  OF  APPROACH:  To  control  and  characterize  as  carefully  as 
possible  the  materials  and  environment  in  tribological  studies. 

RECENT  FINDINGS:  Heating  of  a ceramic  such  as  SiC  to  high 
temperatures  can  result  in  the  graphi ti zat i on  of  the  ceramic 
surface  with  the  graphite  functioning  to  reduce  adhesion  and 
friction.  A lubricating  film  is  therefore  provided  from  the 
material  itself. 

FUTURE  DIRECTIONS:  Fundamental  and  focused  research  to  develop 
high-temperature  ceramics  for  use  as  components  in  mechanical 
systems  such  as  advanced  propulsion  systems. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


-fiction 
liWear 
tLubneation 
)Surface  Damage 
I Failure 
6 Fretting 
‘ Erosion 
I Adhesion 
(Abrasion 
Fatigue 


Load  Capacity 
Surface  Temperature 
' Contact  Stress 
)Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

Load/Pressure 
Velocity 
(Temperature 
Environment 
Dist/Time/Amp 
(Geometry 
)Finish/Lay 


Composition 
' Structure 
Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION: 

ISliding 
Rolling 
)Slide/Roll 
Impact 

)Reciprocating 
Oscillating 

Other  (Please  Specify) 


LUBRICATION: 

(l/ Unlubricated 

Liquid  Lubrication 
3 Gas  Lubrication 
^ Grease  Lubrication 
^OSolid  Lubrication 

Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE-  AND  WEAR  OR  UW 

' Rem?^CrcCEl>  pCLT  fec  ETt^&(?KeTONi=  COMPOSiT^S. 

Name;  PAPiMAi-  e- c^bV  Affiliation:  ^raduaii  A^sishanl  . 

Address;  CP  t^^CU-  ^ U^dVEPsiT^  oP  btUAWARp  ^ 1>ur  19  9 It, 

Telephone;  (^302)  ips-t-  (;>fcOi^ 

Three  categories  of  materials,  the  neat  PEEK  matrix,  its  unidirectional,  and 
its  two-dimensional  woven  composite  were  investigated  under  two  types  of  testing 
conditions:  abrasive-dominant  (pin-on-flat  type,  counterface;  abrasive  paper)  and 
adhesive-dominant  (pin-on-disc  type,  counterface;  polished  steel) « The  behaviors 
were  characterized  by  the  experimentally  determined  wear  rates  and  the  coefficients 
of  friction,  and  by  the  observation  of  the  worn  surfaces  and  sub-surface  regions  on 
an  SEM. 

Abrasive  wear  rates,  which  decreased  with  increasing  apparent  area,  displayed 
a greater  sensitivity  to  fiber  orientation  than  did  the  frictiono  In-plane 
unidirectional  fibers  oriented  parallel  to  the  direction  of  sliding,  and  the  woven 
surface  possessing  a combination  of  in-plane  parallel  (80%)  and  in-plane  transverse 
(20%)  fibers  showed  maximum  wear  resistances  for  the  two  composite  systems.  A 
modified  rule-of -mixtures  approach  was  developed  to  predict  the  w-ar  behavior  of  the 
woven  composite. 

Sliding  wear  rates,  on  account  of  their  being  extremely  sensitive  to  the 
microstructure  of  the  surface  being  worn,  were  over  five  orders-of -magnitude  lower 
than  for  abrasive  wear.  Complex  interactions  arising  due  to  the  effects  of  the 
testing  parameters  like  fiber  orientation,  sliding .velocity, , contact  pressure, 

. u»re  -r,T  f,C  fea'r  r,-,.  t r- x tte  ti^o  C'r'=Tr~  iva  tre  rv,*  . 

and  the  interface  temperature.  Wear  rates  increased  with  (pv; -values;  with  temperature, 
they  first  increased,  attained  a maximum  around  the  glass  transition  temperature  of 
the  polymer,  and  then  decreased  slightly. 


Finally,  a design  guideline  that  will  aid  an  increased  utilization  of  these 
self -lubricating  materials  was  developed  in  the  form  of  (pv) -diagrams . 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

^ Friction 

(TTi 

Load  Capacity 

^Sliding 

Z Rolling 

(p  Wear 

Surface  Temperature 

3.  Lubrication 

13. 

Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

14. 

Film  Formation 

4.  Impact 

5.  Failure 

15. 

Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16. 

Life 

6.  Oscillating 

Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

Adhesion 

18. 

Noise 

@ Abrasion 

19 

Leakage 

10.  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION. 

© Load/Pressure 

Composition 

Unlubricated 

Velocity 

Structure 

2.  Liquid  Lubrication 

Temperature 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

Dist/Time/Amp 

12. 

Chemical  Properties 

5 Solid  Lubrication 

^ Geometry 

7.  Finish/Lay 

13 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

\ 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  k1cv.L_  ^ 

Name:  ^ ^ Affiliation:  ^ 

Address:  |4c:U.|  4-b-^  , 'TK  ^ 

Telephone:  - 3 C 4 ' IT-^c 

*. 

^ V I <d  L4_*_-k  l>^cCi:.r5-)e^  A 

v-j.  j u,^  <::i- 

{jiO-cLs  a^<5  (j2r<-K.^  5 p ^ L^Ci  C-r  L.  ^ rVi^V-i  6\a  . 

/4rctf>-U4L  L-t  r< 


[a  o-Ts- 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1.  Friction 

11.  Load  Capacity 

Sliding 

0 Wear 

12,  Surface  Temperature 

2 Rolling 

Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14  Film  Formation 

4 Impact 

0 Failure 

1^  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

@ Life 

6.  Oscillating 

7 Erosion 

IT  Filtration 

7.  Other  (Please  Specify) 

@ Adhesion 

1^  Noise 

^ Abrasion 

Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION; 

W Load/Pressure 

8.  Composition 

1.  Unlubricated 

^ Velocity 

9 Structure 

2.  Liquid  Lubrication 

(X  Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

^ Environment 

11.  Thermal  Properties 

0 Grease  Lubrication 

(s)  Dist/Time/Amp 

12  Chemical  Properties 

5.  Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Laser  Surface  Modification  of  Metallic  Materials  for  Improved 
Wear,  Erosion,  Corrosion  and  Fatigue  Performance 
Name;  Molian  Affiliation;  Iowa  State  University 

Address;  2092,  ME/ESM  Building 
Telephone;  515-294-2101 

Efforts  were  and  are  being  made  to  enhance  the  service  performance  of  several 
engineering  components  through  laser  surface  modification  procedures  that  include 
heat  treating,  glazing,  alloying  and  cladding.  Emphasis  is  placed  upon  funda- 
mental understanding  of  these  processes  on  materials,  the  objectives  being  to 
conserve  strategic  and  expensive  materials  and  to  improve  the  tribological 
qualities.  A brief  description  of  individual  topics  and  their  scopes  is  given 
below. 


(1)  Laser  Surface  Hardening  of  Gray  and  Ductile  Cast  Irons.  Surface  hardening  of 
cast  irons  via  a laser  beam  and  its  effects  on  sliding  wear,  erosive  wear  and 
rotational  fatigue  behavior  were  investigated. 

(2)  Laser  Deposition  of  BN/TiN  films  on  Cutting  Tool  Edges.  High  power  CO2  lasers 
were  used  to  evaporate  BN  and  TiN  from  abrasive  wheels  and  to  deposit  such  films 
on  high-speed  tool  steel  and  cemented  carbide  substrates.  Hardness,  micro- 
structure, and  film  thickness  were  determined  and  were  related  to  tool  wear. 
Performance  of  coated  tools  at  high  speeds  is  being  investigated. 


(3)  Laser  Surface  Alloying  of  AISI  4140  and  4340  steels  to  improve  wear  and  corrosion. 
Chromium,  nickel  and  molybdenum  metals  either  individually  or  in  combination 
were  deposited  on  low-alloy  steels  through  a laser  surface  alloying  process. 

Novel  microstructures  and  high  hardness  were  found  in  laser-processed  coatings. 
Sliding  wear,  erosive  wear  and  electrochemical  corrosion  of  alloyed  layers  are 

being  studied.  

(Continued  on  attached  sheet)  RESE^CH 


(4)  Laser  cladding  of  thermal  barrier  coatings.  Thermal  barrier  coatings  such 
as  Zxo^ly 2'^^  and  AI2O2  were  clad  on  a superalloy  substrates  successfully 
with  high  power  lasers.  Effects  of  claddings  on  high-temperature  per- 
formance such  as  oxidation  and  erosion  are  being  evaluated. 

(5)  Laser  cladding  of  titanium  alloys  for  improved  wear  performance.  Ti« 

and  its  alloys  exhibit  poor  friction  and  wear  properties  due  to  the  presence 
of  oxide  film  and  high  surface  tension.  A laser  cladding  approach  will 
be  used  to  alleviate  these  problems.  Coating  materials  include  M®N, 

Tribalcy  T-800  and  BN. 

The  major  goal  of  these  projects  is  to  understand  the  influence  of  laser- 
processeaL  coatings  (coating  thickness,  microstructure,  hardness,  surface 
topography  and  integrity,  coating/substrate  interface,  composition  gradient 
etc.)  on  the  wear  processes. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  O 


Bryan  K. 

Name; 

Address; 
Telephone: 


fNn  A 


Mocny 

A 

C.Sr^^<vjC.  TCf  . OCrv\lS 


Affiliation: 

AmO 


FAC  vc. . c ( C5 


t 

S VST'Crr\S  T^O  SPCoir^ic.'s  A ^ IT-^ 

/V>/^TC^vAc  5>  A- O Sof^^y^t^€0  O5.e0 

I O 3o j V. Q \rv^  A-t- 14  I c 1 cj  c V.  S . 

DcSI<«rc:>  OfO  L^O  <3.^  ic  A''r/o<AO  Fu>f£ 

P«'2oP^'C- ' Gro  ASsCa-vBcT 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


^Friction 
^Wear 
^^Lubrication 
^~^Surface  Damage 
Failure 
6 Fretting 
Erosion 


'Load  Capacity 
^Surface  Temperature 
Contact  Stress 
Film  Formation 
>Oil  Analysis 
Lite 


Filtration 


8 Adhesion 

9 Abrasion 

Fatigue 

18 

19 

20 

Noise 

Leakage 

Other  (Please  Specify) 

,A  t-(_ 

<r  v,(  v„  ■ ft  ^ <» 

• - (C  T/l?* 

VARIABLES  CONSIDERED 

LUBRICATION 

Load/Pressure 

8 

Composition 

1 Unlubricafed 

VeTocity 

8 

Structure 

^;2Liquid  Lubrication 

Q Temperature 

10 

Physical  Properties 

3 ^Gas  Lubrication 

Environment 

11 

Thermal  Properties 

(^Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

7 Finish/Lay 

13. 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

TYPE  OF  MOTION: 

tiding 
Rolling 
Slide/Roll 
Impact 

Reciprocating 
Oscillating 
c^lPother  (Please  Specify) 


«_t,  O 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/AEEUED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  S ,0.nA  Pii  ^ 

Name:  Affiliation; 5^'t}€^ 

Address:  ^ 7^  Li\^iusru  i/.7'/d^<M 

Telephone:^/^-^^^7^^7^^  


A/ 

^/JD  J)oSTy  <CoN  D fTZOAjS  / JUt 

f^/v\OO^J>  OJ(ZlP  %<oLcr^/\/Yy  TZ  C6^r 

S lyo  cJSs^  We-^L,  M PrAf  //\/  fci?Sr'(4^4r^ 

0;^/n(UM  VLivrtMQ -yy dosr  j6-j^Qi  Psi^/^A 

R.O  B-T'/ AI  <2^  ^ •-^yAJCy 

7"Ly  Z>  / 7“/ o Af  yi-*  r?  f—  .,  // 

^ ^ ^ ^ ^‘<'€=^0  f iM-c’xy 

P-OO^P  ■ ^0  4 ZTZ)  A/'C'T ^/Vb/^  2>7) 

X 71j  P 1/  m n ^ AJB  PPX)Poc^  ^/G~^r  s 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1 Friction 

11.  Load  Capacity 

Sliding 

Wear 

12.  Surface  Temperature 

Rolling 

C_3>  Lubrication 

13.  Contact  Stress 

Slide/Roll 

Surface  Damage 
Failure 

(1^4.  film  Formation 

V 

Impact 

15  Oil  Analysis 

5 

Reciprocating 

6.  Fretting 

16  Life 

6 

Oscillating 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

17.  Filtration 

Noise 

19  Leakage 

20  Other  (Please  Specify) 

tSD fajL  ^y/n  vl ^ _ 

7 

Other  (Please  Specify) 
i^Kuycie.  <rha(Vi^- 
u,-e4  e 

I 

VARIABLES  CONSIDERED:  < 

LUBRICATION: 

1 Load^Pressure 

8 Composition 

1 

Unlubricated 

2 Velocity 

9 Structure 

2 

Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 

Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 

Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7 Finish/Lay 

^ c.  e <u,  UJ^^' 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROGRAM 

TITLE;  Relating  Bearing  & Steel  Perfonnance  to  TrilxDlogical  Factors 

Name;  Charles  A.  Moyer  Affiliation;  Timken  Company 

Address;  1835  Dueber  Ave.,  S.W.,  Canton,  OH»  44706 
Telephone;  (216)  497-2006 


Tribological  factors  are  concentrated  in  lubrication,  terrperature  and 
other  environmental  aspects. 

Uhfoirtunately,  we  cannot  give  the  specific  projects  that  make  up  our 
general  program  or  the  methods,  specific  bearings  involved  since  our 
work  is  strongly  applied  rese^ch  related  and  so  is  considered 
proprietary  to  the  Corpany. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


|Friction 
])Weaf 
I Lubrication 
^Surface  Damage 
^Failure 
^Fretting 
Erosion 
( Adhesion 
I Abrasion 
)Fatigue 


I Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
|Life 

I Filtration 
) Noise 
Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

1 Sliding 
Rolling 

Q^Slide/Roll 
4’*^  Impact 
5 Reciprocating 
^^Oscillating 
7 Other  (Please  Specify) 


variables  CONSIDERED 


>Load/Pressure 
ivelocity 
^Temperature 
Environment 
Dist/Time/Amp 
• Geometry 
)Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 

Surface  Roughness 


LUBRICATION 

1 Unlubncated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 


(broader  concent  than  7) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name;:^Ow^i  T Affiliation: 

Address: 

Telephone: 

Ofib  K(fe«ui3^croei»iG 

GeooP  aee  ^or  _ 

0W(iOiNG  IS  TV\^  YOKH  ^3(2O0OCt 

eRTHEe  eoftujoTioN  of  'peoDocr 

PSTfa^Hfw^E , M,eTBoc>9.,  5i>e-&F3  ftR's 

f^PPi-rCP^'Ho/sj  Kieuo  mRGoe.  co&Ft^icKENir  qf  peicnc/Nj  9*^^ 

^eASv->^e.M(SK>i  lO'cut^s^, 

6eft;L,^G  eEFomo  eE9o£r£i>  aor  u.e  Ae£ 

S.TAf$n.>SG  9i  MoieE  toKPL^Tlr  ^EPoeHMG  <PreeAS  oF 

lb  at  (\  PfteictPAfssr  tv^e  9(2d<^(^h  ^ ^olD 


TV\AN»^  HoU>  FD(E  THIS  Dfi^'EATlD«0 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


G 

Friction 

(n) 

Load  Capacity 

Sliding 

) Wear 

Surface  Temperature 

ft)  Rolling 

\s 

Lubrication 

Contact  Stress 

^ Slide/Roll 

^urface  Damage 

14 

Film  Formation 

Impact 

^Failure 

Oil  Analysis 

^3  Reciprocating 

) Fretting 

Life 

(^J  Oscillating 

Erosion 
^ Adhesion 
Abrasion 
(10)  Fatigue 


Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION 


7 Other  (Please  Specify) 


VARIABLES  CONSIDERED; 

Load/Pressure 
\2),  Velocity 
(Sy  Temperature 

4 Environment 

5 Dist/Time/Amp 
® Geometry 

Finish/Lay 


Composition 
9 Structure 
To)  Physical  Properties 
Tp  Thermal  Properties 
Chemical  Properties 
T3  Other  (Please  Specify) 


LUBRICATION; 

Fl  Unlubricated 

Liquid  Lubrication 
3 Gas  Lubrication 
(3j  Grease  Lubrication 
Solid  Lubrication 
^ Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Effect  of  Surface  Topography  on  Thin  Film  Lubrication  of 
Sliding  Surfaces, 


Name;  S.  Frank  Murray  Affiliation;  Senior  Research  Engineer 

Address:  Dept.,  RPI,  Troy,  NY  12181  Tribology  Laboratory 

Telephone;  (518)  266-6977 


Objective:  Determine  which  of  the  measured  or  calculated  surface  texture  parameters 

influence  thin  film  lubrication  of  sliding  surfaces 

Methods  of  Approach:  Both  experimental  bench  tests  and  analytical  studies. 

Recent  Findings;  Partially  reported  in  Ref.l 

Future  Directions:  Continue  work  using  synthetic  hydrocarbons  as  lubricants. 


* Ref.l 


"Surface  Texture  Effects  in  Thin  Film  Lubrication  of  Steel  by  Silicones," 
J.D.  Cogdell,  M.C.  Dawson,  F.F.  Ling  and  S.F.  Murray,  ASLE  Preprint 
No.  86-AM-8E-2.  Presented  at  41st  Annual  ASLE  Meeting,  Toronto, 

May  12-15,  1986. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


^5  Load  Capacity 
12.  Surface  Temperature 
Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


Friction 
Wear 

Lubrication 
Surface  Damage 
Failure 

6 Fretting 

7 Erosion 
Adhesion 

9 Abrasion 
10  Fatigue 


VARIABLES  CONSIDERED. 


@ Load/Pressure 
QJ  Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 

6 Geometry 
Finish/Lay 


8 Composition 

9 Structure 
Physical  Properties 

11  Thermal  Properties 
Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION; 

^ Sliding 
^ Rolling 
@ Slide/Roll 

4 Impact 

5 Reciprocating 
€ Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

1 Unlubncated 
@ Liquid  Lubrication 
3.  Gas  Lubrication 
4 Grease  Lubrication 
d)  Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  j ocr 

1^  joer-A/^. 

H 

A-^  ^ „-r-.C=.  -Tt^  A Li 


Name:  ^ fVA  (<^-S Affiliation: 


Address: 
Telephone: 


^ rrvjkiL 

(vast 


-CJ\ 


{r(  c^_5 


^ 'Tf’rc, 


.e<r 

1 60A  ^ 


3 leALL.^'-p  ATf'"^'-'®-^ 

'T  /ecAr'/^'^crV'nL  <a.  A <_ 



p j5  jj  O " 

vj/^  i GW  < 


^ ^ ^3esis> 


-S 


^■Ad 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

Friction 

(TV  Load  Capacity 

^ Wear 

Surface  Temperature 

Lubrication 

Contact  Stress 

^ Surface  Damage 

i4.  Film  Formation 

5,  Failure 

Oil  Analysis 

6 Fretting 

16.  Life 

7.  Erosion 

17  Filtration 

Adhesion 

18  Noise 

9;^  Abrasion 

19.  Leakage 

Fatigue 

20  Other  (Please  Specify) 

TYPE  OF  MOTION; 

'Sliding 
Rolling 

^ Slide/Roll 
Impact 

Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

Load/Pressure 
• Velocity 
Temperature 
47  Environment 
5.  Dist/Time/Amp 
Geometry 
Finish/Lay 


Composition 
Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Specify) 


LUBRICATION: 

Unlubricated 
Liquid  Lubrication 
3.  Gas  Lubrication 
4 Grease  Lubrication 
Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE:  Bending  Pad  Thrust  Bearing 
Name.  H„G»  Anderson 

Address:  Code  2723,  DTNSRDC,  Annapolis* 
Telephone;  (301)  267-2362 


Affiliation;  David  Taylor  Naval  Ship  R&D  Center 
MD  21402-5067 


A new  thrust  bearing  has  been  invented  (U.S.  Patent  No = 4,240,676)  that  operates 
on  the  principle  of  bending  in  lieu  of  tilting  to  form  the  necessary  hydrodynamic 
lubricating  wedge.  The  supporting  structure  for  the  pad  is  weakened  around  the 
leading  and  trailing  edges  to  allow  a convex  surface.  This  is  accomplished  by 
either  grooving  the  support  structure  or  utilizing  a variety  of  rubber-type  backing 
supports . 

Initial  investigations  of  model  bending  pads  at  Columbia  University  under 
DTNSRDC  contract  shows  Improved  performance  over  centrally  supported  rigid 
tilting  pad  bearing  shoes  with  plain  babbitted  bearing  surfaces.  Further 
improvement  was  shown  with  test  samples  having  dimpled  surfaces.  Further  tests 
are  planned  in  FY87  to  optimize  the  design. 

The  new  design  shows  promise  carrying  higher  bearing  loads  with  greatly 
simplified  mounting  and  support  structures  greatly  reducing  first  cost  and 
maintenance.  Plans  are  to  apply  the  findings  to  future  thrust  bearing  designs 
for  naval  machinery. 


(Please  Circle  All  Appropriate  Parameters) 


— — — - — 1 

PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION. 

• 1 Friction 

11.  Load  Capacity 

✓ 1 Sliding 

2.  Wear 

12.  Surface  Temperature 

2 Rolling 

./  3 Lubrication 

13  Contact  Stress 

3 Slide/Roll 

4 Surface  Damage 

14  Film  Formation 

4 Impact 

5.  Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION: 

1 Load/Pressure 

8 Composition 

1 Unlubncated 

2 Velocity 

9 Structure 

. 2 Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 

1 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


fTcauiTiype-tftftfrrormation  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Name:  Ala'ii  f-.  Newcomb  Affiliation:  Teledyne  IMETo 

Address:  26847  Fond  Du  Lac  Rd.,  RPV,  CA  90274 

Telephone:  (213)  325-5040 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

-riction  11.  Load  Capacity 

»/ear  12.  Surface  Temperature 

Lubrication  13  Contact  Stress 

Surface  Damage  14.  Film  Formation 

)Failure  15.  Oil  Analysis 

Fretting  '(T^Life 

Erosion  Filtration 

Adhesion  Tt^I  Noise 

^Abrasion  19  Leakage 

Fatigue  20  Other  (Please  Specify) 

^^57^/ygr 


TYPE  OF  MOTION: 

Sliding 

2,  Rolling 

3.  Slide/Roll 
Impact 

(^^Reciprocating 

6.  Osciilating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

Load/Pressure 
Velocity 
(Temperature 
[^Environment 
5^  Dist/Time/Amp 
<5/  Geometry 
7.  Finish/Lay 


) Composition 
[Structure 
^Physical  Properties 
Thermal  Properties 
Chemical  Properties  ^ 
Other  (Please  Specify) 


LUBRICATION. 

1.  Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4 Grease  Lubrication 
5.  Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 


Name;  Roger  K.  Nibert 
Address:  Wolf  & Algonquin  Roads 
Telephone.  (312)827-3131 


Affiliation;  Borg-Warner  Research  Center 
Des  Plaines,  IL  60018 


Major  Areas: 


1.  R&D  on  wet  clutch  materials  for  transmission  systems. 

2.  Hard  wear  resistant  coatings. 

3.  High  temperature  lubricants  and  additives. 

4.  Oscillating  contact  bearing  lubrication. 


Methods  of  Approach 


Lab  simulation  of  tribo  systems  with  emphasis  on  duplication  of  failure 
modes  expected  or  known  to  occur  in  full  scale  endurance  and  field 
testing  of  complete  systems.  Failure  mechanisms  are  established  based 
on  wear  particle  analysis,  surface  analysis,  and  lubricant  degradation. 

Correlation  of  lab-endurance-field  testing  with  emphasis  on  efficient 
screening  of  new  materials  and  field  life  projection. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


Friction 

Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 
i Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
I Life 
Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED; 

Load/Pressure 
Velocity 
Temperature 
Environment 
Dist/T  ime/Amp 
)Geometry 
Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

^5  Sliding 
Rolling 

^ Slide/Roll 
4 Impact 

Reciprocating 

Oscillating 

r Other  (Please  Specify) 


LUBRICATION; 

Unlubricated 
) Liquid  Lubrication 
Gas  Lubrication 
^Grease  Lubrication 
)Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

no.-.  icrT  TITI  p /A/iMSfi  ~ /aJ 

PROJhUI  IMLt.  CMS  'g^ 

/e^Se/Z,T  L,/ud^7ZAj  Affiliation:  (AJd£.CiyS7t/€,  1 7iiP^/C  , 

Address:  /kstitvtc  ^ u/o mA.  o/&d^ 

Telephone.  Cf/~p  79^  J'g'3  7 

3ojfiS  : e. 

~ A-t  SYiSJ)i/r\  ^ 


/»*^r2/2?£xs  ; z,  S€J^ CY  Th  6i_ 

<r^7S:s>  S*J  c/u^  CA/sTt»*>\^  CJ^  ^YA^^iC  /^XTiy^^Cc^jr^') 

CM  /Az<)>^Le  is  T~i4i  s 

^UC*i*A£SS  71tS7*<^  e T^'M-  C/^  ts  7>MaJ 
c<i  LU/A/S4.a^^AJ  .4*0  Tiit.  ^LUlUf>i^ 

/^fZu^  A*jZ>  AecAi^ju£A^  l>'/AJyM\icjYtc.Y  > '^AE  a^'^ccsS 

AS  /4c<z>  75^  /AJ  TVe  <su<^Arc^ 

"7~t^Az.>*Uy^ 

; ^TAmsTic^<^Y  Si&*MAicMT  ^ttu^g^ejUJcts  £t*£^ 

/>1  Tte^S  df=T^4J^  Sty/ZAyfu^ 

4AAb  ^fAyAMic. 

/zcfA/  ~/Aj  /s  - aA/oY  sci^-aYT  <zytiAA^^ 

SC^  ss 


£aAy7>AJUC  ■77,'^  :rtS7?AAS-  TYi  /aaa^S  71  <fATE.  a Y- 

/C^ju/—/aJ  yAyA>*)i.r  <g^A9<^y>t^^CC. 

^ (Please  Circle  All  Appropriate  Parameters)  S’tjE 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

(T,jFriction 

11. 

Load  Capacity 

1.  Sliding 

Wear 

12, 

Surface  Temperature 

Rolling 

Lubrication 

13. 

Contact  Stress 

© Slide/Roll 

® Surface  Damage 

14 

Film  Formation 

4 Impact 

5 Failure 

(Si 

Oil  Analysis 

5.  Reciprocating 

6 Fretting 

Life 

6.  Oscillating 

7.  Erosion 

T7 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

di> 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

^pLoad/Pressure 

8. 

Composition 

qP  Unlubricated 

2^  Velocity 

9. 

Structure 

Liquid  Lubrication 

3.  Temperature 

(S> 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

TT 

Thermal  Properties 

4 Grease  Lubrication 

^0  Dist/TIme/Amp 

12. 

Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13. 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

CY)  Finish/Lay 

4t*S^ 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  DESIGN  AND  DEVELOP  8000  PSI  NON-FLAMMABLE  FLUID  (CTFE) 
HYDRAULIC  COMPONENTS 

Name;  Frederick  W.  Perian  Vickers , Incorporated 

Address;  5353  Highland  Drive,  Jackson,  Mississippi  39206-1177 
Telephone;  (501)  987-3412 

PROJECT  GOALS: 

Develop  criteria  for  the  design  of  hydraulic  components  that 
will  operate  on  Chlorotrifluoroethylene  (CTFE)  fluid  at 
8000  psi  system  pressure.  ' 

APPROACH: 

Design  analysis  of  3000  psi,  4000  psi  and  5000  psi  hydraulic 
components . 

Establish  PV  factors  for  sliding  surfaces  with  CTFE  fluid 
medium. 

CTFE  has  promise  for  use  as  the  fluid  medium  in  a hydraulic 
system . 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


) Friction 
(Wear 
Lubrication 
I Surface  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
^ Abrasion 
^ Fatigue 

VARIABLES  CONSIDERED. 

f Load/Pressure 
Velocity 
Temperature 
Environment 
5 Dist/Time/Amp 
6 Geometry 
r”7)Finish/Lay 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Composition 
I Structure 
Physical  Properties 
I Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION, 

f Sliding 
Rolling 
Slide/Roll 
Impact 

Reciprocating 
6 Oscillating 
7 Other  (Please  Specify) 


LUBRICATION 

1.  Unlubncated 
/d°DLiquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Friction  Materials  Dynamomemeter  Methodology 

Name:  Dr.  David  T.  Patten  Affiliation:  1 -jed  Automotive 

Address:  P.O.Box  238,  Troy  NY  12181  Bendix  Friction  Materials  Division 

Telephone:  (518)-273-6550 


GOAL:  To  develop  a fundamental  understanding  of  friction  materials  and  shorten  test 
duration  through,  new  testing  technologies. 

APPROACH:  Combine  computerized  data  acquisition,  varing  test  cycles  and  response 
modeling  to  predict  the  results  of  conventional  testing. 

RECENT  FINDINGS:  Pretest  environmental  conditions  have  long  presistance  effects  on 
friction  levels  with  some  materials,  but  not  with  other  types  of 
friction  materials 

FUTURE  DIRECTIONS:  1.  Develop  tests  with  conbined  preconditioning  and  dynamometer 

testing  to  better  reflect  field  testing  and  actual  use. 

2.  Develop  methods  to  scale  full  sized  testing  to  smaller  test 
machines. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Ffiction 

C^OWeaf 

11.  Load  Capacity 

OSL^Surface  Temperature 

13  Contact  Stress 

2^  Rolling 

3 Lubrication 

3.  Slide/Roll 

4 Surface  Damage 

14.  Film  Formation 

4 Impact 

5 Failure 

15.  Oil  Analysis 

5.  Reciprocating  j 

6 Fretting 

16  Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18  Noise 

j 

Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

Cj^oad/Pressure 
C^)  Velocity 

8 Composition 

CTj^Unlubricated 

Structure 

2 Liquid  Lubrication 

C^r^T  emperature 

CTo^Phvsical  Properties 

3 Gas  Lubrication 

L.'O  Environment 

11  Thermal  Properties 

4.  Grease  Lubrication 

S Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

7 Finish/Lay 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name;  Darrell  Wo  Patton  Affiliation;  Lubrication  Engineers  Inc. 

Address:  P.  0.  Box  16447,  Whchita,  KS  67216 
Telephone;  (316)  529-2112 


/n  \y'ctvi  bus  Co  >y^  yyterc  / t*- ^ 

'/uh riy.o Vtjy-  ^ c-^c.  (aoIucA  yOto\ji(r-^e 

0-f  uJea^  [ A<z.  ^ ^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


^ Friction 
Q)  Wear 
(5^  Lubrication 
4 Surface  Damage 
5.  Failure 
Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 


Load  Capacity 
Surface  Temperature 
13  Contact  Stress 
^ Film  Formation 
nQ  Oil  Analysis 
16  Life 

Filtration 
16  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 

Load/Pressure 
2 Velocity 
Temperature 
Environment 

5 Dist/Time/Amp 

6 Geometry 

7 Fmish/Lay 


’Composition 
‘ Structure 
Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION: 

m Sliding 
^ Rolling 
© Slide/Roll 
4 Impact 

f Reciprocating 
Oscillating 

Other  (Please  Specify) 


LUBRICATION 

1.  Unlubricated 
Liquid  Lubrication 
3 Gas  Lubrication 
01  Grease  Lubrication 
I Solid  Lubrication 
6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  LU  6 fl  i c ArO  ihh  LOim  ^i^^oaA^Lv-^  OCCu/UrJC  Oy-tOtrS 

Name;  K & Affiliation; 

Address;  Ri.S' Au-^<lO  AfLiooi-O  vm, VA-m, 'Q  T^iQiX. 

Telephone; 


Jt^iiuuxxixAj^^  d ^cfLxlctt^  fffUjijxj  ,^€rLh<^  (\j 

-ixt/^UJLd.AA^^  ^ /WEi 

JL»xju\sl.c^  ;6>  ^^o/VkA  fLuj-JL  Ao  opJalx^Au^ 

JL^^JUJU  s 'd^Xxkx-A^  £su-^  (mLLa*-^  }tAXXAJ  ^ /UAX^XUaX 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


11  Load  Capacity 


7.  Finish/Lay 


3 Lubrication 

4 Surface  Damage 

13.  Contact  Stress 
<i4  Film  Formatiol^ 

3.  Slide/Roll 

4 Impact 

5 Failure 

6 Fretting 

7.  Erosion 

8 Adhesion 

9 Abrasion 

10.  Fatigue 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

^ Rertnrncalinn^ 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1 Load/Pressure 

2.  Velocity 

O Temperatur?b 

( 4 Environment) 

8 Composition 

9 Structure 

10  Physical  Properties 

1 1 Jihpfmai  Properties 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

_4  Grease  Lubrication 

5 Dist/Time/Amp 

6 Geometry 

d'2  Chemical  Propertied 

13  Other  (Please  Specify) 

g—Solld  Lubrirfllinri-^ 

6 Other  (Please  Specify) 

TYPE  OF  MOTION 


Sliding 

Rolling 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name;  MtcVuel  Affiliation; 

Address;  6^0  j SrfwvTosPjCA 

Telephone,  -g  ~?-  QlU4  0 • 


C ^^vv^cLt-vvk!  v»t^aj2  A'v^cWcl'H 

cK^'rS'^LAj  ^\A<s)ji  K)  nrVV0L^ru2XiC  . Atm^.x 

pcLi.|prv\»i5!^L  Cav{P^  ^ ^ 

/MA  C4>v\T-t^\\-^  ctLMirxa4,c|~  o?v\fLiicvvS 


“>()  ^ ^ y) 


-'Cw'sT^^.  orvoLo,,,^t^4«^Vv\iL^  *=^  j ^ VAj-xi-ftyC 

Lu.VVVvey^LV\rt  ccv^  CC^J’VvvCC  Orv\ACyr€iACC|p^  "fe 

^Cy^Ccr-p^C  j^WovdlUa  . 

/n(VlL^Q.ay<3Vv  ^nfTLTA^  ^U^v\  fWiV\£yV{tQ_9  , 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Cjy  Friction 

Wear 

Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

11  Load  Capacity 

C~i^ Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

^7}  Sliding 
^ Rolling 

3.  Shde/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 

fA  \^k.  etuy  ) 

VARIABLES  CONSIDERED; 

LUBRICATION 

Load/Pressure 

Velocity 

^^ll^^^vTemperature 

Environment 

Dist/Time/Amp 

6 Geometry 

7.  Fimsh/Lay 

Composition 

Structure 

Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

Unlubricated 

2 Liquid  Lubrication 
^JTGas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name;  Affiliation; 

Address:  (hJl)(  4(^'07 

Telephone:  2 

l-JS  [f<J\,'0L'M)  IrJ  (51^32/ 0./0  Of 

OiJ»^  -Tir? 

6c-^'C<f^T>  /Wueoi  ^ ^ ^ 

use  Of  ?n4T?eA/  /a/  a/4^0,^^C-  h 


Cc 


9^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


1 Friction 
(JPWear 
3 Lubrication 
Surface  Damage 
L_^l^ailure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 


11.  Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 
(T^POil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


q) 

3 

6 

7 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/T  ime/Amp 

Geometry 

Finish/Lay 


Composition 
9 Structure 

10  Physical  Properties 

11  Thermal  Properties 
Chemical  Properties 

13  Other  (Please  Specify) 


LUBRICATION 

Unlubricated 
(^2]jLiquid  Lubrication 
23  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name:  George  C.  Pratt  Affiliation.  Federal=Mogul  Corporation 

Address:  3990  Research  Park  Drive,  Ann  Arbor,  MI  48104-7592 
Telephone:  (313)  995-8593 

PROJECT  TITLE;  Aluminum  Bearing  Alloy  Development 

Develop  improved  aluminum  plain  bearing  alloy  and  associated 
casting  process  and  process  for  bonding  to  steel  strip.  Study 
effect  of  alloy  composition  and  quench  rate  on  bearing  performance. 


PROJECT  TITLES  PTFE  Based  Bearing  Material  Development 

Develop  steel  backed  PTEE  based  dry  bearing  xnaterial  and  associated 
strip  -manufacturing  processes.  Study  effect  of  composition  on  bearing 
performance. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

Load  Capacity  ^ 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


6 

Fretting 

16 

Erosion 

17. 

Adhesion 

18 

_Abrasion 

19 

<3 

Fatigue''^ 

20 

VARIABLES  CONSIDERED. 

Load/Pressure  y 

C 8 

<^2 

Velocifv  > 

C9 

Temperature '"I 

Environment 

5 Disi/Time/Amp 

6 Geometry  ^ 
^ 1 Finish/Lay^ 


Structure 


Physical  Properties  ) 

1 1 Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION; 


Other  (Please  Specify) 


LUBRICATION 
1 Unlubricated 


Liquid  Lubrication  ^ 

Gas  LubricaTion 

Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE;  a.  AJeuj 

Name:  Affiliation; 

Address;  sa.  14  E-  G J ^ CA^CA 
Telephone:  ^ 13),  72.7-  Tl'RZ 


ricOi^V 

U Wc  ”7 « V 

Lo  Ipy  I I 


COe.l'Vie^  C© 


Uj<2-  CCr^  1-^  A.  ^ p “fe 

(X.  %^cLcju  /.iiJs)  r t cus-,a4“. 


^nVU'  A-'V 


ret* 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1.  PnctlQfi 

2. ^^ea 
3/T-ubricatio? 

4 

5 

6 

7 

8 
9 

10 


Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


TYPE  OF  MOTION; 

felidinc 
..Rollinc 
[ide/F 
4 Impact 

5.  Reciprocating 

6. C  Oscillating 

7.  Other  (Please  Specify) 


variables  CONSIDERED: 


1 G-oad/Pressure^ 

2 Velocity 

3 Lr.emperatur^ 
4L  EnvirnnrppnTj 
5.  Dist/Time/Amp 
6 Geometry 

7.  Finish/Lay 


Composition 


LUBRICATION; 


1 . Unlubricated 


lysical  Properties^ 

.'TTiermai  Properties 

Chemical  j-Topertiesl 

3ther  (Please  Specify) 


2.r*Liquid  Lubrication*^ 

H I lihricatinn 

4rGrease  LubricatioTT^ 
5/r Solid  Lubrication^ 
6^0ther~(Kiease  Sfaecify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  ail  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  /v/c L.\k^  iT-i  C&T  / o cF  ti  ^ rCFo 

5K  ^/4Crc,^-^  Ttf7?N  /O 

Name:  P er&  - Affiliation:  5.T1Q  ui>-»  Kou  / Ltr  Lvc 

g;-; '"f- ‘ r r„ 


Telephone; 


Qs  'TH-6  S U Cn'^  ' ^ C F /V  C "T 

I c ,yi  cc/^  -Te)  c n-J-cu^  g; 

/J-HO  Fcf-^  /i-ian  rr>FF'^i  ^ 

\^S6-b  Ai/^C.ri/rv6 

* /^CTU/^  S,Clt^  DLB  CC‘\Tti  3 1 </Li  u t-rrcrO 

^ u.S/ N Gi,  /f  y Ct^  cyci  k; 

iU  P Z Fz  l^bC\f' S CrN  T USt")-^  />'IF79So;)L^,) 

TC!)L.  9 L f'BF^irN'T 

pA^^'flicO^  d-L'\  & Ai  i'' n/ 5 


hiNOi  Na  ^ .•  £ iiovi - Ft c s r /f  i a/c;  f /^iB'Thco  f 


}^.£S‘v^crs  id  c^oujsa^  ryF'^p9F-Ai^iAf^& 

H *'‘•6'-^  'TtZFr^  * 


0\  /L(5 


cTl  0 Hs  V - ! L-A'Tia  /- Af '~o  »l-2  SZi(-~<~  CC  A Tft 

~ZO  £/L6  Fi<?r 'TvA /L^  L^lTir- 

/ir/C’TF/'-C  f F t-'vA  i^fl-i  O-fTtCtVrf  ^ 

(Z  rr^O^  (^i  A (j  /d-Y  <\  ,V1^  c;  7^^<1  T t^rh'^  {0‘  sr  ° 
(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

11.  Load  Capacity 


C12.  Surface  TempBratur^^ 


6.  Fretting 
7 Erosion 
8.  Adhesion 
9 Abrasion 
10  Fatigue 


variables  CONSIDERED: 


Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


7 Finish/Lay 


8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12. _Ctiemical  Properties 
T3.  Other  (Please  Specify) 


L "T  t-  V .-rr- 


I 


-t  -c. .. . L'  'i ; 


■i-  r 


TYPE  OF  MOTION: 
1 . Slidinc 


4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION; 

1.  Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 
4 Grease  Lubrication 
5.  Solid  Lubrication, 

ETTDtTier  (Mease”S^cify) 

F r ■ l '.•  ,'v  — 


I 


I wv  FfL!  ('ft.' 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  T 

Name:  a\  L'><  L /2>  Affiliation:  -Oata  Potato 

Address;  Cc:>r^Pi^Ta'/^  I aj  ^\J  ^ A pC<L  ? ^ ^ 

Telephone:  ,-l.)  ^ pc  -'P'Ai  ~L^ 


— l^^iC^/orc  (A  J JA'SK 

DRwes 

- iuALVArc:  ^ ^z^i/cL-e-p  <Lc.-^uo 

iAJATi  OXS 

-»  It' pX-OTed-ni-'c’  6c?Ar  ^^4jS  , AC^  Cc  /^pA7AP/ Li'fy 

- PFftCTi.  r^r^p,^  /TY  ^ -r>v>>^Ar-i , c ^ > BP'A' io^j  ^rc 


£>  cTT  A I <L.^  A>e,cP 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Qj  Friction 

Wear 

3,  Lubrication 

Qr  Surface  Damage 
C|;>  Failure 

6.  Fretting 

7.  Erosion 

Cg]::  Adhesion 

9 Abrasion 

10  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

CiJ:  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20.  Other  (Please  Specify) 

Sliding 

2.  Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6,  Oscillating 

Other  (Please  Specify) 

S pA.  CTf 

VARIABLES  CONSIDERED: 

LUBRICATION: 

^ Load/Pressure 

Cz^  Velocity 
'Y-  Temperature 
'"^'Environment 
f"5.'  Dist/Time/Amp 
^6.  Geometry 
'Y. , Finish/Lay 

8 Composition 

9 Structure 

rTb.'  Physical  Properties 

T1'  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

A Grease  Lubrication 
[ 5j  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name;  F- Affiliation:  "B -'■'£^5  S 
Address:  M t \WaAiicA.e  ^ 5^3  2»‘2'3 

Telephone:  4,*^^  5^5  3 3 

^ 1®^  ^0^  ; IA>^W  ccfc 

V,,  a.5  ^A.tA.ai'  f JLjL^ 

fsx^  ^ . 


^ c<X  'C)  (rt^  • ^ «L)Uf»eJ^ 

v>^-a/r 


"P'V  \ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1.  Friction 
^^Pwear 
3 Lubrication 
^^Surface  Damage 
Failure 
6 Fretting 
7.  Erosion 

f Adhesion 
Abrasion 
Fatigue 


11.  Load  Capacity 

12  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


variables  CONSIDERED: 

9 Load/Pressure 
Velocity 
Temperature 
4 Environment 
5 Dist/Time/Amp 
6 Geometry 
(D  Finish/Lay 


10 

11 

12 

13 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION: 

/^Sliding 
^ Rolling 

3 Slide/Roll 

4 Impact 
Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

JL  Unlubricated 

Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and^ure  directions. 

PROJECT  TITLE:  M T^s  t 

Name:  Richard  Pi  Reiff  ^ Affiliatjoni^  Association  of  American  Railroads 

Address:  Transportation  Test  Center,  Pueblo,  CO  81001 
Telephone:  (303)  545-5660 


,-/vt  -i  Ci'* 


0^  Ve  cLJ^^rrvu^ 

] a (ir^r^Cfoy^  Cl  (j  0 ^ 


/I  € ^ 

i^c  h^rf<X.  "T H-t*  ic^'€'  trtLkJl  KjC 

’tkn  HocU^  oui.  iJ(rYi(g<M>A 

C aJ^  TvtiX^ 

Uov,^fcV^s  ^<s£iJC/ 


U^^' 


Li^  ^ /cHsA*. 

icP^ccj  ><L 

t'xdl  ((.^'^ 

tCA  C-vt  / ■A.'V'rf 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


O Frictien 
(2^  Wear 
j^^^ubricatiori 

C^Surface  Damage 
5 Failure 
6.  Fretting 
7_  Erosion 
Adhesion 
Abrasion 
'1^  Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 


m Formation 
I Analysis 
fe 

Itration 
Noise 
Leakage 


VARIABLES  CONSIDERED: 


pOi  Other  (Please  Specify) 

jsiirtjTft-W  ST'r^^TWS 


( 1. ) Load/Pressure 
S5  Velocity 
X Temperature 
(^J  Environment 
5 Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 


8 


Composition 
9 Structure 

10.  Physical  Properties 

11.  Thermal  Properties 
12  Chemical  Properties 


13.  Other  (Please  Specify) 


TYPE  OF  MOTION; 

Sliding 
CS  Rolling 
Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION; 

Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


PROJECT  TITLE: 

R . 


UH  M K'PF  - 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

Wca/'.  UJucoWv  cl  TL. 

Name:  R.  (1  fV P-T  i n etc-A  Affiliation:  Ci 

Address:  iL.o<f/  ^ gjO  1 3 ((  HiL&f^  iTAf-/ 

Telephone:  2.3<;-6 

^ U H M irv  PE  - 

j)  43^v‘Lm-W  /j  ojlc^ 

ciuxC  vv 

^ TLl,  ® 

WO 


^ 7,'5A^4V  4|^c4  ^ ^ 


Hv 


(U^ 


Vtoxt 


TLu  ^ 'VCctUxCX  Tk 


Te»T  , 


TLw<  M-t  A/ 
iVdGxU 

Lo  ^ /o 


K<x|? 


,mx4xA  .■  Ha,  o „ 


■E/u.VLnxx'vi/'^i 

:^IL 


HU. 

TJdZ. 


Cx/<Ux 


t/t/  <t^ 


j -£04,"*^  ^ 


TL.  ■:Aa^<-  46.«>A 


Uv' 

UxxMi^ 

\.  fA-x.  , 


^ ij  f , ' r.  X,  X .,  Aisi  44^  ViT4ixi-< u Tt  oMSr> 

• (Piease%?cle  AVAppropriate  Parameters) ^rff'F^“'“" 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

cD  Friction 
© Wear 

3 Lubrication 

4 Surface  Damage 

5.  Failure 

6 Fretting 
! ' Erosion 
((^  Adhesion 
i Abrasion 

10  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 
<5Sl  Life 

17  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 

Sliding 

2 Rolling 

3 Shde/Roll 

4 Impact 

b Reciprocating 
© Oscillating 
r Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION 

1 ' Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

0 Dist/Time/Amp 
b Geometry 
! Fimsh/Lay 

8 Composition 

9 Structure 

10  Physical  Properties 

11  Thermal  Properties 

1Z  Chemical  Properties 

Other  (Please  Specify) 

AmlL 

1 Unlubricated 

Liquid  Lubrication 

4 Gas  Lubrication 

4 Grease  Lubrication 

5,  Solid  Lubrication 

6.  Other  (Please  Specify) 

3AA4.L  |4 '**»Avv^ 

/ 


NC 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  ^ ^ 

C^  Vsj  ^ ’ / / / 


Name:  R • hrt  flTiMELLf^ 

Address:  '?■  o-  OS’! 

Telephone:  o2  S' 


M ( LAa^ 


Affiliation: 

/TALy 


C4S.€^ 


k) 


Iaa.c'ul&'H. 


f4-t  '>ew,''t'Ce  ^ Hx^'K. 


c-cx.^ 


.K,^Kj4,‘X<iu'^  i>y< 


rfSTKOBS. 


a)  4 n.  w: 

4 ^cu.  If  -fxU  ^ a- 

c<x’vu.e^  ao^  Ti^  / 

cxujJ  ^ ^ ^ >/oMJea  <u*£>l 

CitV^lM/eCl  tccj  — 

^ /vt/f  u4  ®4  Oi  jjvocexime.  44^  ^ 

lu  ^ ...C^CJuA-UAaJ^A^  ^v^witXTtvS.^  « 

»Av  tr/  }^  'u.'yi/rluxu 

Qaac(  /vIAXi/^'A.4'^  ^-VV^CAjE.^  \'L£^U  ^)  liatUVM.<4, 

CC*U,‘-Wv4'LvLC^  ©i  4Ai^CA..fiTcA^  cx-®4i»t  Ij/r^  [y\/ 

L6>44v  |uma<  Ti<  '>JLAa^\JC  y^.'u  |©A4*v.S.w®ci.  ^ ^ ^ tU  ^ ^ 


f|<,  «A/C44X^  a«jtt  Wwl"  ©L  Wulftv  - 


aA4. 


yA  \ 


VUOW  |)<V«sJ4AM  0 ^ 


lease  C 


ircle  All  Appropriate  PararVieters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


! Friction 
Wear 

3 Lubrication 

4.  Surface  Damage 

5,  Failure 
6^^  Fretting 

Erosion 
a Adhesion 
si  Abrasion 
i0.  Fatigue 


11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 
l.S  Oil  Analysis 

il;  Life 
17.  Filtration 
18  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


VARIABLES  CONSIDERED. 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time/Amp 

Geometry 

Finish/Lay 


A 


sjkUi' 


■3kM.4jt 


8 Composition 

9 Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 
0>  Other  (Please  Specify) 


o-v's^t/tLcxCi  ^ 


TYPE  OF  MOTION: 

1 Sliding 
t.  Rolling 

3 Slide/Roll 

4 Impact 

b Reciprocating 
o Oscillating 
! Other  (Please  Specify) 


LUBRICATION: 

j Unlubricated 
2 Liquid  Lubrication 
4 Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6.  Other  (Please  Specify) 


6.  Ru., 


va.<s-' 


^ W ( VivCxd  , UuLjJ^^J 

, X,X'i  /.e,x£/HA/LCj| 


/>A.AJoMAA,<iUo  - 

\A)  tAJL  c6iA4A«^  &aA°  on>- 

T“'* 

4A/6>4-We44-  n*4< 

0,1,  fi 
/V  L , t: 

o&Lli  wt<l^ 

iX  ccoy 

WL  Hi  K>€  ctfcX 

gt. 

|?«  icC^  SA 
^ow'  w 

wXt  'lot. 

- 

SbJ^Ait  (/aXv't 


ciJH  L cftf 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

Project  Title;  Studies  of  Actual  Viscosity  of  Oil  Between 

Friction  Plates  During  Operation  in  a New  Patented 
Brake  Design. 

Name;  David  A.  Renfroe  Affiliation;  U of  Arkansas 

Roger  A.  Iverson  RAI  Associates 

Address;  Mechanical  Engj'neering  Department 
Room  204  B 

Fayetteville,  Arkansas  72701 
Telephone;  501/575-3040 

A wet  clutching/brake  mechanism  has  been  designed  to  operate 
as  perscribed  in  a patent  issued  to  R.A.  Iverson  in  1982.  A key 
element  in  this  design  is  to  allow  high  radial  oil  flow  rates 
through  the  clutch  plate  stack  to  carry  the  heat  generated  during 
the  power  absorbtion  away  from  the  clutch  diskSo  A demonstration 
device  was  constructed  and  tested  and  was  found  to  absorb  5.78  x 
10  Kw/sq.cm.  (0.05  HP/sq.in.)  of  clutch  plate  surface  area  with 
no  supplimental  oil  cooling.  As  a result  of  the  new  design,  an 
equal  fraction  of  torque  was  transmitted  through  each  of  the 
disks  in  the  clutch  pack  and  no  wear  of  the  clutch  plates  was 
discernable  after  several  hours  of  high  energy  rejection 
operat i on . 

The  research  presently  being  conducted  is  to  determine  the 
mechanism  of  the  energy  absorbtion  process  and  use  this  knowledge 
to  design  better  brakes  and  clutches  for  particular  applications. 
Insight  into  the  actual  viscosity  of  a fluid  between  surfaces 
moving  with  a relative  velocity  will  be  developed.  The  near  term 
objective  is  to  continue  the  study  of  this  fluid  boundary  by 
investigating  the  effect  of  air  entrainment,  particle 
contaminants,  shear  rate,  surface  roughness,  and  surface  geometry 
on  the  actual  viscosity  of  a fluid  as  compared  to  that  measured 
by  the  Saybolt  viscometer. 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

1%,"'  Friction 
r^'  Wear 

Lubrication 

4 Surface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

Load  Capacity 

Surface  Temperature 

13.  Contact  Stress 
/T4  ' Film  Formation 
i5^  Oil  Analysis 

76  'Life 

TT  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 

Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

' V Load/Pressure 
r2.  Velocity 

Temperature 

4 Environment 

5 Oist/Time/Amp 
•'6.  Geometry 

"7  Finish/Lay 

8 Composition 

9 Structure 

^10  .Physical  Properties 
ill-  Thermal  Properties 
^\2  ’ Chemical  Properties 

13  Other  (Please  Specify) 

,1.  Unlubricated 
( 2.^  Liquid  Lubrication 
''•^./Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE;  8000  PSI 

Frank  Rerecich  Repr  , 

Name;  Marotta  Scientific  Controls,  Inc. SAE,  ASLE 
Address  P.O.  Box  330,  Boonton,  New  Jersey  07005 
Telephone.  201-334-7800  Extension  423 


GCALS 


Dete*‘aine  the  Frictional  Force  required  to  be  overcome  in  Balanced  Poppet  Valve 
Seals  used  in  8000  PSI  Hydraulic  Systems. 

Preliminary  indications  are  that  the  Seal  Friction  using  CIFE  Oil  is  larger 
than  using  MIL-H-83282  Hydraulic  Oil. 

Future  work  will  be  devoted  to  refining  the  Friction  Force  measurenent  Techniques 
to  take  Velocity  into  account. 


Rod  Size  - 0.1546  Reciprocating  Motion  - .010"  maximum 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


^/Friction 
Q/Wear 
3 Lubrication 
Surface  Damage 
y Failure 
6 Fretting 
7.  Erosion 
Adhesion 
Abrasion 
10  Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
I Life 
Filtration 
I Noise 
I Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED 


Load/Pressure 
(Velocity 
* Temperature 
i Environment 
.^Dist/Time/Amp 
seometry 
I Finish/Lay 


8 Composition 
^2  Structure 
CT^Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION 


1 Sliding 
Rolling 

^ Slide/Roll 
A Impact 

Reciprocating 
^ Oscillating 
7 Other  (Please  Specify) 


LUBRICATION 

' Unlubricated 
i Liquid  Lubrication 
(Gas  Lubrication 
; Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Chemostress  Effects  in  Metal  Removal  Processes 

Name:  Vo  H.  Desai  and  So  L.  Rice  Affiliation:  University  of  Central  Florida 

Address:  Mechanical  Engineering  and  Aerospace  Sciences,  UCF,  Orlando,  FL.  32816 
Telephone;  (305)  275-2416 


It  has  been  established  that  environmental  factors  affect  fracture  processes. 
Thus,  in  wear,  in  corrosion,  and  in  machining  operations  of  all  kinds,  the 
role  of  the  environment  is  significant.  It  follows  that  the  change  in  the 
chemical  potential  of  ions  close  to  tribosurfaces , due  to  local  stress  and 
temperature  gradients,  will  influence  the  near-surface  chemical  balance.  Thus, 
it  should  be  possible  to  utilize  simple  electrochemical  controls  to  achieve 
improvements  in  wear  and  corrosion  resistance,  as  well  as  in  the  efficiency 
of  machining  operations  such  as  milling,  grinding,  etc. 

The  research  which  is  directed  toward  improving  our  understanding  of  the 
above  factors  utilizes  a specially  developed  tribotester.  This  apparatus 
allows  specimens  to  be  subjected  to  various  levels  of  "externally  applied 
static  stress"  while  submerged  in  fluids  having  given  bulk  electrolytic 
properties.  The  applied  stress  is  superimposed  upon  the  stress  field  which 
exists  at  the  tribocontact  so  as  to  allow  the  effect  of  stress  on  ionic 
activity  and  chemical  potential  to  be  deduced. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 


Friction 
Wear 

Lubrication 
Surface  Damage 
Failure 
Fretting 
Erosion 
Acnesion 
^ Abrasion 
^ Fatigue 

variables  CONSIDERED: 

Loaa/Pressure 
Velocity 
Temperature 
Environment 
Dist/Time/ Amp 
Geometry 
Fimsn/Lay 


-Load^  Capacity 
Surtace  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

LeaKage 

Otner  (Please  Specify) 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Speci(y) 


TYPE  OF  MOTION: 

^ Sliding 

2,  Roiling 

3.  Siide/Roil 

§ Impact 

Reciprocating 

Oscillating 

7.  Other  (Please  Soeci(y) 


LUBRICATION 

f Unlubricated 

LiQuid  Lubrication 
Gas  Lubrication 
4 Grease  LuOncaiion 
5 Solid  Lubrication 
6.  Other  (Please  Specify) 


229 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  In  Situ  Investigation  of  Wear  of  Materials  by  Laser  Speckle 

Name:  F.  A.  Moslehy  and  S.  L.  Rice  Affiliation;  University  of  Central  Florida 

Address:  Mechanical  Engineering  and  Aerospace  Sciences,  UCF,  Orlando,  Florida  32816 
Telephone:  (305)  275-2416 


A wear  specimen  develops  three  characteristic  zones  which  differ  in 
composition  and  morphology.  The  near-surface  region  usually  is 
"chemically  mixed",  consisting  of  species  from  specimen,  counterface 
and  environment.  The  intermediate  region  usually  is  plastically 
deformed  but  compositional ly  unaltered.  The  far-surface  region  consists 
of  material  which  is  "original"  both  in  composition  and  morphology.  The 
particular  characteristics  of  these  zones  depend  upon  the  materials, 
environment  and  the  conditions  of  tribocontact , and  it  is  of  importance 
to  understand  their  development, 

A laser  speckle  technique  is  being  developed  to  study  the  formation  and 
growth  of  these  subsurface  zones  by  means  of  observations  made  on  the 
surfaces  of  wearing  specimens.  The  work  includes  the  experimental 
determination  of  the  interfaces  between  the  compositional ly  mixed  and 
severely  plastically  deformed  zones,  as  well  as  the  measurement  of 
associated  deformations.  Laser  speckle  surface  measurements  will  be 
correlated  with  metallographic  observations  on  subsurface  zones.  The 
goal  is  the  determination  of  displacement/time  histories  for  wear  specimens 
in  order  to  allow  the  development  of  engineering  models  for  wear. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

Friction 

11. 

Load  Capacity 

© Sliding 

(z)  Wear 

12 

Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13. 

Contact  Stress 

3.  Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

© Impact 

5 Failure 

15. 

Oil  Analysis 

@ Reciprocating 

6 Fretting 

16 

Life 

Oscillating 

7,  Erosion 

17. 

Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

S Abrasion 

19. 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

© Load/Pressure 

Composition 

© Unlubricated 

© Velocity 

Structure 

2 Liquid  Lubrication 

Temperature 

© 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

^ Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  To  Maximize  The  Efficiency  Of  Wire  Drawing  & Rolling  Mill  Emulsions 
Using  Continuous  Cast  Nonferrous  Rod 

Name;  Ronald  Reich s V.  P.  R & D Affiliation.  G,  WHITFIELD  RICHARDS  COMPANY 

Address;  4202  Main  Street,  Philadelphia,  Pennsylvania  19127 
Telephone;  (215)  487-1202 


The  entire  casting,  rolling,  and  wire  drawing  systems  are  scrutinized 
for  tribological  causes  of  wear,  friction,  and  lack  of  lubrication. 

Attention  is  paid  to  monitoring  metallic  constituents  and  "chips"  in 
the  emulsions,  oils,  sludges,  and  filter  media. 

Evaluations  are  leading  towards  better  seal  technology,  diligent 
monitoring  of  possible  lube  or  hydraulic  leaks  into  a system,  attention 
to  lubricant  and  grease  recommendations,  changing  fluid  pressure  and  other 
engineering  aspects  of  the  entire  casting  and  drawing  systems. 

Research  plus  application  of  tribological  answers  from  the  ferrous 
industry  will  lead  to  the  formulation  of  nonferrous  lubricants  designed 
for  maximum  lubrication  and  extended  solution  life. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


)Friction 

Wear 

^Lubrication 
jurtace  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
)Abrasion 
Fatigue 


1 1 Load  Capacity 

12  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 
Oil  Analysis 

16  Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


^18 

19 

20 


VARIABLES  CONSIDERED; 


o Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

5 Dist/Time/Amp 
.^^Geometry 

7^  Finish/Lay 


e 

9 

10 

11 

12 

13 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION: 

1 Sliding 
Rolling 
i Slide/Roll 
4.  Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


1 Unlubricated 
^^Liquid  Lubrication 
3 Gas  Lubrication 
.^^^rease  Lubrication 
Saolid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  OhJ^iO  Affiliation; 

Address;  -f^UO  ft-  THdHtOlCftL  t 

Cna)  mi- 


Scab  ar<S  '^0  tynfrovc  UhJterstamiw^  jr)  CdL^im'^  ayiX 

pr<?ce5Ses  5o  as  'Zo  y'm^rdVC  eW-icienc^ 

^5  U)6]\  dSi  praiucf  injkricrr  dbJ  SUr-UcB , 

include  (Sxpenrrj^nfcl  o\?3<zr^^\ar)S  YnjfhcmJfi'axl 
^ YiridcrvYmciidii^ical  dl  (Uxfi\\c\c^s  u^ifnin  re^idrr)  ) 

( infe  r^tcTNryis  dspsnt'jes  , luLneAnts  } arJ.  truir^^fa^urJ 

(auJDSiir'f-Ace  ArJl 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
> Wear 
Lubrication 
Surface  Damage 
Failure 

6 Fretting 

7 Erosion 
@ Adhesion 

9 Abrasion 
10  Fatigue 


VARIABLES  CONSIDERED 

Load/Pressure 
Velocity 
Temperature 
Environment 
_ Dist/Time/Amp 
© Geometry 
7 Finish/Lay 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

Sliding 
2 Rolling 
3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

G?  Unlubncated 

Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
Solid  Lubrication 

6 Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Bearing-Structure  Interaction  with  Finite  Element  Methods 

Name:  Keith  Rouch  Affiliation:  University  of  Kentucky 

Address: 242  Anderson  Hall,  Lexington,  KY  40506  Mechanical  Engineering 
Telephone:  (606)  257-8733 


This  project  is  in  the  planning  stage.  It  addresses  a need  for  methods 
to  integrate  the  solution  of  equations  representing  the  fluid  film  with 
those  representing  the  structures  comprising  the  bearing  surfaces,  to 
allow  solution  of  the  combined  bearing-structure  problem.  Such  a capability 
would  allow  improved  design  techniques  for  large  bearings  or  those  with 
non-rigid  structures.  The  finite  element  approach  is  being  explored. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1.  Friction 

2.  Wear 

(^^tubrication 
^TSurface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 

8.  Adhesion 

9.  Abrasion 

10  Fatigue 

/ 

( Jt^oad  Capacity 
^12,  Surface  Temperature 
la^Contact  Stress 
r 14^ilm  Formation 
^ 15  Oil  Analysis 

16.  Life 

17  Filtration 

18.  Noise 

19  Leakage 

20  Other  (Please  Specify) 

^J.^liding 

2.  Rolling 

3,  Slide/Roll 

4 Impact 

5 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

variables  CONSIDERED: 

LUBRICATION: 

^ Ij^oad/Pressure 

2 Velocity 
S.^emperature 

4 Environment 

5.  Oist/Time/Amp 
^ S.Xaeometry 

7.  Finish/Lay 

^8.  Composition 
' 9. Structure 

10  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

1.  ^Unlubricated 
'^2.^iquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 
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SURVEY  TO  ASSESS  THE  CURRENT  LEVEL  OF  TRIBOLOGY 
RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name:  j-lM  E- 

Address: 


Telephone  Number: 


Affiliation: 


rnmd  ftrnnimf  SftlUm  ffjiiimni 

PC  i4*S3 

P*.  fffff 

(tfS)  34t<>ser4 


We  are  i nvo 1 ved  i n several  projects  to  determine  the  probable 
reason/s  for  the  premature  failure  of  large  diameter  rotating 
equiptment  and  systems. 

Several  modes  of  failure  are  always  present.  These  failure 
modes  must  be  deleniated  to  determine  which  one  was  of  first 
order  or  primary  and  all  others,  therefore,  second  order  or 
after  the  fact  of  the  primary  failure  mode.  Analytical 
(computer  anyalyses)  as  well  as  physical  ( metal lographic  and 
Scanning  Eletron  Microscophy)  are  utilized.  Studies  of  the 
contact  surface  is  often  crucial. 

A better  knowledge  of  the  forces  and  direction  of  forces  of 
the  rolling  elements  in  these  large  diameter  systems  is 
needed . 

Better  understanding  of  lubricant  required  to  protect  wear 
surfaces  when  slide/roll  phenomenm  is  present  is  needed. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1.  Fneiion 

1 1 . Load  Capacity 

1.  Sliding 

2.  Wear 

Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3 Slide/Roll 

r 

4 Surface  Damage 

14.  Film  Formation 

4 Impact 

5 Failure 

15.  Oil  Analysis 

§ Reciprocating 

6 Fretting 

16.  Life 

6 Oscillating 

7.  Erosion 

Filtration 

7,  Other  (Please  Specify) 

6.  Adhesion 

9 Abrasion 

10.  Fatigue 

^ Noise 

Leakage 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

6.  Composition 

^ Unlubricated 

2 Velocity 

9 Structure 

2 Liquid  Lubrication 

3 Temperature 

10.  Physical  Properties 

^^Gas  Lubrication 

4.  Environment 
Dist/Time/Amp 

Thermal  Properties 

4 Grease  Lubrication 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

7.  Fmish/Lay 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Metallurgical  and  Tribological  Effects  of  Ultrahigh  Current 
Density  Ion  Implantation 

Name;  W.  S.  Sampath  Affiliation:  Colorado  State  University 

Address:  Mechanical  Engineering  Department,  Ft.  Collins,  CO  80523 

Telephone;  303/491-5450 


Samples  that  are  ion  implanted  at  current  densities  ranging  to  2000 
IiA/qi&  in  a new  broad  beam  (10  cm  dia)  implanter  developed  from  ion  rocket 
teehnolo©r  are  b|ing  compared  to  samples  implanted  at  the  low  current  den- 
sities (10  iiA/cffl'^)  characteristic  of  conventional  Implanter s„  The  goal  of 
this  effort  is  order  of  magnitude  reductions  in  the  ion  implantation  pro- 
cessing times  and  associated  costs  coupled  with  improved  tribological  sur- 
face characteristics  and  no  degradation  of  subsurface  properties.  The 
effects  of  heat  sinking  the  samples  on  the  time- temperature  history  of 
their  surface  during  implantation  are  being  considered  in  the  study. 

Recent  findings  indicate  that  ultrahigh  current  density  implantation  (1) 
dramatically  increases  the  ion  penetration  below  the  surface  ( ^fourfold 
deeper  than  that  observed  at  conventional  current  densities)  and  (2) 
induces  no  tempering/annealing  in  the  bulk  (beneath  implanted  zone)  micros- 
tructure because  of  the  very  short  implantatio^  times  required  at  ultrahigh 
current  densities.  Wear  and  friction  testing^ metallurgical  examination  of 
the  implanted  surfaces  to  demonstrate  differences  in  the  quality  of  the 
treated  layer  induced  by  ultrahigh  current  density  processing  are  also 
being  pursued. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

Friction 

11  Load  Capacity 

Sliding 

Wear 

12  Surface  Temperature 

Bolling 

3 

Lubrication 

13  Contact  Stress 

y Slide/Roll 

4 

Surface  Damage 

14  Film  Formation 

4 Impact 

5 

Failure 

Oil  Analysis 

^ Reciprocating 

6 

Fretting 

16  Life 

6 Oscillating 

7 

Erosion 

17.  Filtration 

7.  Other  (Please  Specily) 

8 

Adhesion 

18  Noise 

9 

Abrasion 

19  Leakage 

10 

Fatigue 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION: 

Q 

Load/Pressure 

@ Composition 

1 Unlubricated 

© 

Velocity 

9 Structure 

(D  Liquid  Lubrication 

Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

Environment 

11  Thermal  Properties 

4 Grease  Lubrication 

5 

D'St/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 

Geometry 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Surface  Slip  Retardation  Induced  by  Ion  Implantation 

Name;  W,  S.  Sampath  Affiliation;  Colorado  State  University 

Address;  Department  of  Mechanical  Engineering,  Ft.  Collins,  CO  80523 
Telephone;  303-491-5450 


Ion  implantation  creates  surfaces  with  defects  (substitutional  and 
interstitials)  and  precipitates.  Dislocation  motion  is  hindered  in  the 
implanted  surface  layer  due  to  the  mechanisms  of  solution  hardening,  defect 
interaction  and  precipitation  hardening,  A new  test  has  been  developed  to 
study  slip  retardation  on  the  surfaces  of  implanted  samples.  In  this  test, 
the  specimens  are  annealed  and  selected  regions  of  the  etched  surface  are 
implanted.  When  the  specimens  are  deformed,  slip  lines  are  observed  in  the 
unimplanted  region  and  no  slip  lines  are  seen  in  the  implanted  region. 

This  effect  has  been  observed  in  a-Fe,  304  stainles  steel  and  copper. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


t Friction 

2 Wear 

3 Lubrication 

4 Surface  Damage 
5.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
Fatigue 


11  Load  Capacity 
12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16.  Life 

17.  Filtration 

18  Noise 

19  Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED 


1 Load 'Pressure 

2 Velocity 
Temperature 

4 Environment 

5 Dist/Time' Amp 

6 Geometry 

7 Fimsh/Lay 


(0  Composition 
9 Structure 

10  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION 

1  Sliding 
2.  Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

© Other  (Please  Specify) 
TcviltO'h 


LUBRICATION 

© Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  [w  (on 


Name;  William  Schultz  Miiuiauun.  Univ.  of  Michigan 

Address:  2250  G.  G.  Brown,  Ann  Arbor,  MI  48109-2125 
Telephone;  (313)  936-0351 
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Fuwdei 


creceS, 

. .U^\  iiwsri!-  nind  ALg  VVig.  Wxve. 
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cl€rw€.cl  cx 
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4c..  4o  ^Kolcls  Iub-,C«17 


0 


^^AO^TLv. 


ou3  ra 


preSSoreSi 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


1.  Friction 
Z Wear 
^^Lubrication 
T Surface  Damage 
5 Failure 


11.  Load  Capacity 
^ Surface  Temperature 
13  Contact  Stress 

fFilm  Formation 
Oil  Analysis 


TYPE  OF  MOTION: 

Sliding 
2 Rolling 
3.  Siide/Roll 

4 Impact 

5 Reciprocating 


6 Fretting  16  Life 

7 Erosion  17  Filtration 

8 Adhesion  18  Noise 

9 Abrasion  19  Leakage 

10.  Fatigue  20  Other  (Please  Specify) 

6 Oscillating 

7 Other  (Please  Specify) 

VARIABLES  CONSIDERED. 

LUBRICATION 

Load/Pressure  Composition 

1 Unlubricated 

Velocity  9 Structure 

CSiiquid  Lubrication 

Temperature  10  Physical  Properties 

3 Gas  Lubrication 

4 Environment  11  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp  12  Chemical  Properties 

5 Solid  Lubrication 

Geometry  13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  BRAKE  NOISE 


Name:  Harlow  W.  Schwartz 

Address:  P.  0.  Box  238,  Troy,  New  York 
Telephone:  (518)  273-6550 


Affiliation:  Allied  Signal,  Bendix,  FMD 
12181 


GOAL  — Develop  experimental  noise  evaluation  techniques  and  identify 
correlation  of  the  frictional  and  physical  characteristics  of 
friction  materials  to  the  propensity  of  noise  generation 
due  to  sliding  contact  of  brake  components  during  operation. 

APPROACH  --  Conduct  tests  on  vehicles,  brake  dynamometers  and  brake 

components.  Use  multi-channel  spectrum  analyzers,  variety  of 
dynamic  transducers  and  modal  analysis  to  study  the  acoustic 
and  vibration  characteristics  of  the  brakes. 

RECENT  FINDINGS  Brake  noise  frequencies  generally  match  some  of  the 
natural  frequencies  of  the  brake  components  and  the  brake  noise 
frequencies  are  independent  of  sliding  velocities. 

FUTURE  DIRECTIONS  --  Investigate  relationships  of  brake  noise  frequencies 
with  the  dynamic  characteristics  of  the  applied  pressure  and 
brake  torque  parameters. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

0 

Friction 

11 

Load  Capacity 

Wear 

Qy  Surface  Temperature 

Lubrication 

13 

Contact  Stress 

4 

Surface  Damage 

14 

Film  Formation 

5. 

Failure 

15 

Oil  Analysis 

6 

Fretting 

16 

Life 

7 

Erosion 

17 

Filtration 

8 

Adhesion 

Noise 

9 

Abrasion 

19 

Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

I Load/Pressure 

Composition 

Velocity 

Structure 

Temperature 

Physical  Properties 

4 

Environment 

11 

Thermal  Properties 

5 

Dist/T  ime/Amp 

12 

Chemical  Properties 

6 

Geometry 

13 

Other  (Please  Specify) 

7 

Finish/Lay 

TYPE  OF  MOTION 


0Slidi 


ng 


2.  Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 
6.  Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

9 Unlubricated 
Liquid  Lubrication 
3 Gas  Lubrication 
4 Grease  Lubrication 
5 Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECt  TITLE:  Low-Temperature  Pumpability  of  Engine  Oils 

Name:  Theodore  W.  Selby  Affiliation:  Savant,  Inc. 

Address:  234  E.  Larkin  St.,  Midland,  MI  48640 
Telephone:  517-631-6050 

Goal:  Find  a Correlative  Bench  Test  for  Engine  Oil  Pumpability 

Approach:  Generate  low- temperature  engine  simulation  information, 
there  further  develop  corresponding  bench  technique. 

Recent  Findings:  A so-called  Scanning  Brookfield  technique  coupled 
with  a programmable  low- temperature  both  shows 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Surface  Adherence  It  Conformation  of  Oil  Additives  at 
Very  High  Shear  Rates 

Name.  Thoedore  W.  Selby  Affiliation:  Savant,  Inc. 

Address:  234  E.  Larkin  St.,  Midland,  MI  48640 
Telephone.  517-631-6050 

Goal:  Study  adherence  and  influence  of  additives  in  lubricants  at  high 
rates  of  shear  and  close  profinity  of  shearing  surfaces 

Method:  Use  TBS  Viscometer  at  absolute  gaps  of  0.5  to  3.5  microns  between 
rotor  and  stator.  Vary  temperature  of  surfaces 

Findings:  Initial  work  on  surface  adsorbed  layers  shows  discontinuity  in 
reciprocal  torque/gap  interrelationship 
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description  and  classification  of  specific 

BASIC/APPLIED  RESEARCH 

Please  type  all  inlormation  and  provide  a briet  summary  ot  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE:  Very  High  Shear  Rate  Viscometry 


Name:  Theodore  W.  Selby 
Address:  234  E.  Larkin  St., 
Telephone:  517-631-6050 


Affiliation:  Savant, 
Midland,  MI  48640 


Inc. 


Goals:  Continue  development  of  the  very  high  shear  rate  absolute  viscometer 
(TBS  Viscometer) 

Approach  & Findings:  Using  reciprocal  torque 

a)  found  that  instrument  is  absolute  (viscosity  can  be  calculated  from 
known  torque  and  gap  between  tapered  rotor  and  stator) 

b)  found  that  shear  rate  can  be  readily  determined  at  the  temperature  of 
operation 

Future:  develop  information  in  the  ultra  high  shear  rate  region  up  to 
10^  sec"i 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Low-Shear,  High-Temperature  Viscometry 

Name:  Theodore  W.  Selby  Affiliation:  Savant,  Inc. 

Address:  234  E.  Larkin  St.,  Midland,  MI  48640 
Telephone:  517-631-6050 

Goals:  Develop  low-shear,  high- temperature  viscometry  for  comparison  of 
temporary  viscosity  loss  of  polymer-modified  lubricants. 

Method:  Use  Brookfield  viscometer  and  Thermocell  to  establish  technique. 

Findings:  Equipment  needs  redesign  but  repeatability  of  viscometric 
measurement  and  temperature  control  of  sample  is  excellent. 


Future:  Establish  Test  Method  and  automate. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Tribology  and  Corrosion 

Name:  Sc  G.  Seshadri  Affiliation:  Standard  Oil  Engineered  Materials  Co 

Address;  P.  0.  Box  832,  Niagara  Falls,  NY  14302 
Telephone;  (716)  278-6034/6103 

Goals 


Evaluate  tribological  behavior  of  Advanced  Ceramics  and  composites 
and  correlate  to  their  microstructure,  composition  and  mechanical 
properties . 

Experimental  Set-up 

Ring-on-ring  and  pin-on-disc  methods  are  used  at  room  temperature  with 
varying  loads  and  speeds  and  the  wear  and  friction  performance  of  different 
materials  are  compared.  This  work  has  resulted  in  an  extensive  data  base 
and  some  standard  surface  preparation  techniques  for  ceramic  seals. 

Further  work  at  high  temperatures  is  planned  in  the  coming  years. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


Friction 
' Wear 
Lubrication 
I Surface  Damage 
I Failure 
Fretting 
• Erosion 
Adhesion 
Abrasion 
Fatigue 


11  Load  Capacity 

Surface  Temperature 
Contact  Stress 
Film  Formation 
15  Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED: 

/Load/Pressure 
)Veiocily 
Temperature 
Environment 
Dist/T  ime/Amp 
' Geometry 
Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

r^Osiidinq 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

Unlubricated 
Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
(j^Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC  Pkc  violas 
BASIC/APPLIED  RESEARCH  — 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Name;  John  J.  Shatynski  Affiliation;  Consultant  (Retired) 

Address;  347  Princeton  Ave.,  Hillsidej^IJ  072(13  — ■ 

Telephone;  (201)  bSS-Slie  L.^ 

^1?  V • I I ^ i>  C t i 

AIa  K w /Ud-  r 5y  ^ 

Rt  C A iwT , 

A p p M Tv  (pt^6  ^ t c A fuTs  >~c  g : 

vl  L f'J  6-i  S 

Al  R,  Cc  m p 

-^Tt^TVrvt  j Cc'.v-T»lt)L 

^ BoTH  hf  lOfi  I <4-' 

I”  I a b'*  t? k>T  Uc» i 5 i?  J 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION. 

1 Friction 

Load  Capacity 

1.  Sliding 

Wear 

12  Surface  Temperature 

2 Rolling 

Lubrication 

13  Contact  Stress 

<3>  Slide/Roll 

T Surface  Damage 

14  Film  Formation 

4.  Impact 

5 Failure 

Oil  Analysis 

Reciprocating 

6 Fretting 

Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

1 Load/Pressure 

8 Composition 

Unlubricated 

2 Velocity 

9 Structure 

Cz^  Liquid  Lubrication 

Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

(TT^  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

T3  Other  (Please  Specify) 

6 Other  (Please  Speci(y) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Name;  Mo  C.  Shaw 
Address:  Tempe*  AZ  85287 
Telephone;  (602)  965-3688 


/L' 


Qj 


Affiliation;  Arizona  State  University 


/ . 


f~  {-Q  C f 


c 0 'V  ^ 4'// “f  ^ ''r 

Jeff  t-e^:’laCtl-  P le  rrpc'^^if 

(n^'3~  ' 

iFecUcuc^!  ^ 

I LUic/er 

T^O'j  O (^^'1  ^ ^ r'-jC (' 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


Friction 
.'Wear 
Lubrication 
Surface  Damage 
/Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 
Fatigue 

VARIABLES  CONSIDERED 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


O^Load /Pressure 
f^^Velocity 
( 3__  Temperature 
' Environment 
Dist/Time/Amp 
Geometry 
(J,  Finish/Lay 


(F  Composition 
9'  Structure 

Physical  Properties 
QJL  Thermal  Properties 
Vl2  Chemical  Properties 
T3  Other  (Please  Specify) 


TYPE  OF  MOTION: 

^ Sliding 
2.  Rolling 
3 Slide/Roll 
(F  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION 


Unlubricated 
2 Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
5 Solid  Lubrication 
Other  (Please  Specify) 


/col:? . 


7S- 


t 
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DESCRII^ION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  a ^ o f S ^ 

Namei^^V/-  Affiliation: 

Address:  3 ^ /V  P^t3 ^ OLJ zi/C/Scr^ ^ 

Telephone: 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction  CU* 

'O^Wear  12 

3.  Lubrication  13 

<^j4?  Surface  Damage  14 

c Failure  15 

6 Fretting  16. 

7 Erosion  17. 

8 Adhesion  18 

Abrasion  19 

Fatigue  20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED 

Load/Pressure  8 

Velocity  9 

3 Temperature  10. 

4 Environment  11 

5 Dist/Time/Amp  12 

(.^€T>Geometry  13. 

(^’■^^Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION; 

1.  Sliding 
Rolling 

3 Slide/Roll 

4 Impact 

c5^  Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION: 

1.  Unlubricated 
Liquid  Lubrication 
3.  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  T/^l  [loLO^yJ" 

Name:  s/tC.v\  . Affiliation: 

Address:  Z./4 

Telephone:  CcrJftK  ^ p-\  1^-6  ^ 


Cl) 


ni-^C  A-Lwv4.a^-^t 


S LcT.i(-^CjL.  dL,</ 

k f . 1/ 

^ L'-  '5'^ 


(Please  Circle  All  Appropriate  Parameters) 


TYPE  OF  MOTION 

j 

V /Sliding 
'B'  ^Rolling 

V Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7,  Other  (Please  Specify) 


variables  considered 

LUBRICATION 

\i^"  Load/Pressure 

Composition 

1 Unlubncated 

Velocity 

9 , Structure 

Liquid  Lubrication 

'9.  Temperature 

fV>  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

XJ  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/ Amp 

1>2  Chemical  Properties 

S'  Solid  Lubrication 

'&  Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

%!.  Finish/Lay 

PROCESS  OR  PHENOMENON  BEING  STUDIED: 
. / 

V Friction 


'B./Wear 

9’^ubrication 

Surface  Damage 

5 Failure 

6 Fretting 
7. /Erosion 
'BC  Adhesion 
■9  Abrasion 
10  Fatigue 


1 1 /Load  Capacity 
TC^  Surface  Temperature 
T« /Contact  Stress 
■N  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 
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SURVEY  TO  ASSESS  THE  CURRENT  LEVEL  a-tcc* 

RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name; 

Address: 


Aa/a/  Ml  <^<610% 


Telephone  Number: 


Is  Tribology  your  main  area  of  activity?  — — 

If  NO,  please  identify  your  main  area  of  activity. 


Affiliation;  toflP. 


Yes 


X ^ No  ^ 

R f 0 •jcAl'A^ct  > 


Circle  All  Aopropriate  Answers) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name:  Affiliation: 

Address: 

Telephone; 

ccrAr>i-u'Jr'no^'5  -xo  i-k^lcriCA. 

C'^  OM.irl  4cAL5. 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

Solid  Lubricated  Ball/Cage  Contact  Simulation 

PROJECT  TITLE; 


Name.  Lewis  B. 

Sibley 

Affiliatiof  ^ ibolo 

gy 

Cons 

ul  t an 

t s 

, X n c e 

Address;  504  Foxw 

ood  Lane 

, Paolis  PA  19301 

Telephone;  (215) 

644  048 

1 or  648  0234 

A 

special  test  fixtu 

re  was  f 

itted  to  an  existing 

t es 

t ma 

chine 

re 

cently  adapted  for 

testing 

steel  balls  between 

t wo 

r ol 

ling 

di 

sks.  Using  this  f 

ixt  u r e , 

a test  technique  has 

bee 

n de 

ve  lop 

e d 

t 0 

me 

asure  the  friction 

] t rans  f 

er  film  rate,  cage  we 

ar 

rate 

] and 

ba 

ll/race  track  surf 

ace  dama 

ge  and  wear  with  seve 

ral 

can 

di  da  t 

e 

so 

lid  lubricant  mate 

rials  an 

d both  steel  and  cera 

mi  c 

ba  1 

Is  . 

Th 

es  e 

me 

asurements  are  bei 

ng  coord 

inated  with  computer 

s tu 

dies 

of 

ba 

11/cage  interactio 

ns  in  an 

gular  contact  ball  be 

ari 

ngs 

for 

re 

finement  of  both  t 

he  analy 

ses  and  the  measureme 

nt 

tech 

niq  ue 

S c 

Th 

en  we  plan  to  modi 

f y the  t 

est  rig  to  operate  at 

hi 

gh  s 

peed 

an 

d 

temperatures  and  dev 

elop  imp 

roved  design  criteria 

f 0 

r so 

lid 

lu 

bricated  ceramic  b 

eari ngs . 

This  improved  engin 

ee  r 

ing 

base 

f o 

r 

S 0 

lid  lubricated  bea 

rings  wi 

11  open  up  many  more 

applica 

t ions 

wh 

ere  the  advantages 

of  redu 

ced  maintenance  and  h 

igh 

er  0 

p erat 

in 

g 

temperatures  and  spe 

eds  grea 

tly  simplify  and  impr 

ove 

the 

pe 

rformance  of  many 

types  of 

machinery  using  bear 

ing 

s . 

Also, 

t 

he 

re 

liability  of  machi 

nery  wil 

1 be  improved  as  well 

a s 

the 

CO 

mpetitive  advantag 

e of  Ame 

rican  industry  in  int 

ernat io 

nal 

ma 

rkets  with  such  te 

chnologi 

cally  advanced  produc 

t S o 

(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

Friction 

11 

Load  Capacity 

Sliding 

Wear 

12. 

Surface  Temperature 

Rolling 

Lubrication 

13 

Contact  Stress 

3.  Slide/Roll 

C4.  Surface  Damage 

6^ 

Film  Formation 

4 Impact 

5 Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

d®- 

Life 

6 Oscillating 

7 Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED. 

LUBRICATION: 

Load/Pressure 

8 

Composition 

1 Unlubricated 

2 Velocity 

' 9 

Structure 

2 Liquid  Lubrication 

3 Temperature 

10. 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 DiSt/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

'6  Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name:  ~H,  Affiliation:  /ScTo^/CS^ 

Address:  /S3o/  S^aj7?A  <^«=’ 

Telephone(2/5)  S37- S7^o  2>o^-f/^GuG.d:  ^ Ga  ‘?oZZX 


C«/njTACZ  7eS73  7b  2><ET(=^M/ aj-E 

CJ4areAC.T£l^jgT/CS  A^£>/oe  /aj  i///^oAjA^«=Xjr,S  OF 

4Z>t/AAJCSZ>  O/?  CJ^/T/C^L  APPLlcATfOtJS. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


Friction 
Wear 

Lubrication 
• Surface  Damage 
Failure 
Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED 

I Load/Pressure 
Velocity 
Temperature 
Environment 
Dist/T  ime/Amp 
Geometry 
I Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

1 Sliding 

S Rolling 
Slide/Roll 
4 Impact 
5 Reciprocating 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION 

Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Nanometer  Wear  Measurement  by  Ultra-Thin  Surface  Layer  Activation 
- NSF:  IS  1-860091 7 

Name;  C.  Blatchley  Affiliation;  Spire  Corporation 

Address;  Patriots  Park,  Bedford,  MA  01730 
Telephone;  (617)  275-6000  X274 


The  goal  of  this  project  is  to  apply  the  surface  layer  activation 
(SLA)  technique  to  measurements  of  wear  or  corrosion  which  are  at  least 
tv^n  order'^  of  magnitude  .norc  prr-c.isc  than  an';,  previous  app  I I c.a  t i ons . Trie 
specific  system  requiring  this  level  of  precision  is  a magnetic  disk 

recorder  which  is  sensitive  to  small  amounts  of  surface  damage  in  the 

recording  medium.  Several  alternative  methods  of  activating  radionuclide 
markers  in  the  recording  material  are  being  studied  to  determine  if  they 
can  be  used  to  produce  activity  distributions  with  the  necessary 

characteristics  for  measurements  in  the  nanometer  range. 


The  preliminary  results  of  these  tests  lead  to  the  conclusion  that 
producing  ultra-shallow  activation  profiles  is  not  as  difficult  as  was 
originally  expected.  Several  of  the  proposed  activation  methods  are 
therefore  quite  feasible.  The  thin  film  and  recoil  implantation  methods 
in  particular  may  produce  a significant  reduction  in  cost  over  direct 
particle  beam  bombardment.  Further  tests  are  currently  in  progress  to 
prove  that  these  activation  methods  are  sufficiently  repi-oducible  and 
predictable  to  allow  reliable  measurements  in  the  nanometer  range.  To 
accomplish  this,  methods  for  precisely  measuring  the  concentration  of 
activity  as  a function  of  depth  are  being  developed  and  tested. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

1 Friction 

11 

Load  Capacity 

^ Sliding 

Wear 

12. 

Surface  Temperature 

2 Rolling 

3 Lubrication 

13 

Contact  Stress 

3 Slide/Roll 

@ Surface  Damage 

14. 

Film  Formation 

^ Impact 

5 Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16 

Life 

@ Oscillating 

7 Erosion 

17 

Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

variables  CONSIDERED: 

LUBRICATION 

Load/Pressure 

e 

Composition 

Unlubricated 

Velocity 

9 

Structure 

2 Liquid  Lubrication 

Temperature 

10 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:* 

Name:  ^ Affiliation:  ^ ^ 

Address: 

Telephone: 

4 

^ 9^91 

_ /C^ATlS 

^ /i/>(rrM6yc^  yf 

fo  IS.  T ( 

' n ..r-  y(ySSS  e^re^£)/^<^  r^MP.. 

yc  A<m,S,'£  re^f-  ‘’f 

j feyA/Oj^M^joTA^  4'SP^^P'  4 T/P^''^ 

of  C^Fy^^A<^^X 


(Please  Circle  All  Appropriate  Parameters) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Uo  (aj 


Name: 

Address: 

T elephone:  g e j.  - 3 t ^ 


Affiliation:  <C., 


aJU<sJL  ckAL^  kr  <rf^^  ^ 

fe-a.4W 

c?-|Ov..£s^  ^ Qoo^F  T^a. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

\i_Friction"^  1 1 Load  CapacHy 

TYPE  OF  MOTION; 

(2.  Wear  } ^2.  Surface  TemoeratureJ 

pTuBfl^Sio^  Ti.  Contact  Stres^-^ 

L2.  Rolli'na-^>. 

SlideTfioll^ 

{Jy  SunaCe^Damag^  1^  Film  Formation  ^ 

4 impact 

(B“"Pa»{«?«- — zJ  ^ Oil  Aftaiysrs 

/y.  ErosiorL»^^  17  Filtration 

Ij r AdhesiofL^  18  Noise 

(^Abrasion^  It  Leakage 

20  Other  (Please  Speeify) 

<-t-&:^ecibfOCaiinQl> 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

TX  Load/Pressure^  8 Composition 

^2_YBiQiin|t^^— 9.  Structure 

LUBRICATION: 

1.  Unlubricated 

■‘s^EiaattfX^rication  ) 

(3.  Temoeratute^  Physical  Proberties  J 

Environment-^  (11.  Thermal  Propertied 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Dist/Time/Amp  112.  ChemicarMrg|Qfltti«ft> 

A_sL_soiig  Lugripatioii^ 

Vh  LieQmatr^zr>  13  Other  (Please  Specify) 

7,  Finish/Lay 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Ion  Beam  Modification  of  Ceramics  to  Enhance  Their  High  Temperature 
Tribological  Properties 

Name;  Frederick  W.  Smith  Affiliation,  State  University 

Address:  Engineering  Research  Center,  Fort  Collins,  CO  80523 
Telephone:  303-491-8657 


Improvements  in  the  high  temperature  wear  and  friction  properties  of 
eeramics  are  needed  to  make  them  suitable  for  use  as  moving  parts  in  high 
performance  engines.  Ion  mixing  of  metal  films  that  form  low  melting  tem- 
perature eutectic  oxide  layers  at  the  ceramic  surface  are  being  studied  as 
a means  of  achieving  these  improvements.  Recent  research  has  indicated 
that  it  is  possible  to  use  ion  mixing  of  ceramics  to  reduce  their  high  tem- 
perature (800°C)  coefficient  of  friction  to  values  characteristic  of  liquid 
(oil)  lubricated  metals  at  much  lower  temperatures. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


4 

5 

6 

7 

8 
9 

10 


Friction 

Wear 

Lubrication 

Surface  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


11  Load  Capacity 
12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

@ Other  (Please  Specify) 
1e»\  3tti»p'QX)rVr^‘>OA 


VARIABLES  CONSIDERED 


TYPE  OF  MOTION 

^ Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 


3 

4 


5 

6 
7 


Load/Pressure 

Velocity 

T emperature 

Environment 

Dist/T  ime  'Amp 

Geometry 

Finish/Lay 


8 
9 
10 
1 1 
12 
13 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


2 

3 

4 

5 

6 


Uniubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  UNDERSTANDING  OF  LUBRICANTION  MECHANISMS  IN  THE  DRAWING  AND 
STAMPING  OF  SHEET  STEEL. 

Name;  Mark  K.  Smith  Affiliation:  CHEMICAL  COMPANY 

Address:  32100  Stephenson  Highway,  Madison  Heights,  MI  48071 

Telephone:  (313)  589-4624 

We  are  using  test  equipment  to  quantify  boundary  and  mixed  film  performance  with 
various  tool /material /lubricant  combinations.  Data  is  then  correlated  with 
actual  metal  stamping  performance  as  measured  by  formability  analysis  techniques. 

GOALS  ARE:  Determination  of  lubrication  requirements  for  specific  deformation 
modes,  effect  of  the  "friction  variable"  in  the  die  development  process,  and 

improved  tests  for  determination  of  a lubricant's  performance.  Recent  findings 

are  too  premature  for  publication,  however,  good  correlation  and  predictability 
has  been  obtained  by  using  the  concept. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


JFnction 
Jear 

^^Lubrication 

Surface  Damage 

5 Failure 

6 Fretting 

7 Erosion 

^5-  Abrasion 
^10^/ Fatigue 


(fTT^Loati  Capacity 

12  Surface  Temperature 
Contact  Stress 
-Film  Formation 
' Oil  Analysis 
Life 
Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED. 


V Load/Pressure 
i 2^  Velocity 

Temperature 

4 Environment 

5 Dist/Time/Amp 
(r6~-Geomeirv 

7 Finish./Lay 


^-;;^IIComposition 
"9  Structure 

Physical  Properties 
11  Thermal  Properties 
c 1 ? - Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION: 

i^^T~Slidinq 
^^..^olling 
3.  Slide/Roll 
;[^Clhipact 
^5  Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

1 Unlubricated 
.<^2Ti.iQuid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
c:3^olid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

Determination  of  the  Relationship  Between  Elastohydrodynamic  Film 

PROJECT  TITLE;  Thickness  Lubricants  and  the  Magnitude  of  the  Ultrasonic  Waves  Ervltted 

Through  the  Bearing  Material  in  a Rolling  Element  Bearing  During  Operation 

Name;  Eivind  Sjzfhoel  Affiliation.  corporation 

Address:  31  Old  Marlborough  Road,  East  Hampton,  Connecticut  06424 
Telephone;  203-267-0087 

GOALS:  Establishment  of  the  calibration  factor  between • the  absolute  EDH  film  thickness 

and  the  magnitude  of  the  ultrasonic  stress  waves. 

APPROACH;  Refining  and  improving  the  use  of  the  already  patented  SPM  Method  for  the 

measurement  of  said  stress  waves,  as  well  as  applying  this  measuring  method 
on  operating  test  bearings  together  with  other  known  methods  for  measurement 
of  the  EDH  film  thickness , such  as  the  electric  conductivity  through  the 
rolling  contact. 

FINDINGS:  In  accordance  with  the  PATENT  NUMBER  4,528,852,  the  existence  of  such  a 

relationship  is  already  proven. 

DIRECTIONS:  To  be  able,  with  reasonable  acciiracy,  to  measure  the  lubricant 

film  thickness  in  an  operating  bearing  during  normal  use  in  an  industrial 
application. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

1 Friction 

11 

Load  Capacity 

2^  Wear 

12. 

Surface  Temperature 

Lubrication 

© 

Contact  Stress 

Surface  Damage 

Film  Formation 

5 Failure 

Oil  Analysis 

6 Fretting 

16 

Life 

7 Erosion 

17 

Filtration 

8 Adhesion 

18 

Noise 

9 Abrasion 

Fatigue 

19 

Leakage 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED. 

ni  Load/Pressure 

8 

Composition 

(S  Velocity 

9 

Structure 

Temperature 

10 

Physical  Properties 

4 Environment 

1 1 

Thermal  Properties 

5 Dist/Time/Amp 

12 

Chemical  Properties 

Geometry 

7^  Finish/Lay 

13 

Other  (Please  Specify) 

TYPE  OF  MOTION 

1  Sliding 
(2)  Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


lubrication 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


PROJECT  TITLE:  Power  Circuit  Breaker  Mechanical  Diagnostics 
Name:  Andres  Soom*  Affiliation:  University  at  Buffalo 

Address:  Mech.  and  Aero.  Eng. 

Univ.  at  Buffalo 
Buffalo,  NY  14260 
Telephone:  716-636-2734 

‘Co-principal  investigator  with:  D.  Benenson,  TT.  Soong,  Y.  Lee  and 

V.  Demjanenko 


Eiiernai  vibration  and  acoustic  signatures  are  being  gathered  from  high 
voltage  (121  kVAC  and  above)  power  circuit  breakers  during  trip  and  close 
operations  to  assess  their  mechanical  condition.  The  goal  of  the  project  is 
to  develop  measurement  and  analysis  techniques  that  will  identify 
abnormal  or  defective  breakers  without  requiring  internal  visual 
inspection  or  disassembly.  Known  defects,  introduced  under  laboratory 
conditions,  are  supplemented  by  field  tests  run  in  parallel  with  regular 
maintenence  operations  at  power  company  sites.  Techniques  of  dynamic 
modelling,  short  time  signal  processing,  inverse  filtering  and  pattern 
recognition  are  being  applied  to  establish  the  diagnostic  information 
necessary  for  decision-making.  The  circuit  breakers  are  highly  complex 
mechanical  devices  with  numerous  moving  parts  and  bearing  surfaces.  The 
critical  segments  of  close  and  trip  operations  only  last  for  200  to  300 
milliseconds  during  which  time  a number  of  distinct  events  will  occur.  The 
external  vibration  and  noise  measurements,  which  must  inevitably  be 
taken  at  locations  which  are  remote  from  the  places  where  the  faults  of 
interest  occur,  are  therefore  heavily  contaminated  by  resonant  structural 
vibrations  and  extraneous  noise.  The  results  show  that  short  time  signal 
processing,  m both  time  and  frequency  domains,  followed  by  pattern 
recognition  algorithms,  provide  a powerful  method  for  distinguishing  quite 
subtle  differences  among  both  the  measured  signatures  and  the  underlying 
mechanical  conditions,  (Sponsor:  Electric  Power  Research  Institute). 


variables  considered 

LUBRICATION 

jE-JLoad/ Pressure 

8 Composition 

iF^niubricated 

^^^Velocity 

Structure 

iniiifl  Lubrication 

^5  Temperature 

Physical  Properties 

JL.  Gas  Lubrication 

#t3Environmeni 

1 1 Thermal  Properties 

C^Grease  Lubrication 

^^Jjist/  time /Amp 

12  Chemical  Properties 

^ySolid  Lubrication 

^^^teometry 

13  Other  (Please  Speci(y) 

Other  (Ptease  Specily) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 


PROJECT  TITLE; 


Name:  Richard  L.  Spears  Affiliation;  SurfGard*  Division  of 

Address:  P.O.  Box  590  Techni  Blast  Inc, 

Telephone:  ^ ® * Oklahoma  74868 


Commercializing  a NASA  patent  involving  application  of  solid 
lubricants  by  peen  plating. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

11. 

Load  Capacity 

<5)  Sliding 

2 Wear 

12. 

Surface  Temperature 

2.  Rolling 

Lubrication 

13. 

Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14. 

Film  Formation 

4.  Impact 

5 Failure 

15. 

Oil  Analysis 

^ Reciprocating 

Fretting 

16 

Life 

Oscillating 

7 Erosion 

17 

Filtration 

7^  Other  (Please  Specify) 

8.  Adhesion 

18. 

Noise 

9 Abrasion 

19. 

Leakage 

10  Fatigue 

20. 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

Load/Pressure 

8. 

Composition 

1.  Unlubricated -- 

Velocity 

9 

Structure 

2 Liquid  Lubrication 

Temperature 

10. 

Physical  Properties 

3 Gas  Lubrication 

Environment 

11- 

Thermal  Properties 

4 Grease  Lubrication 

5.  Dist/Time/ Amp 

12. 

Chemical  Properties 

Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name;  Affiliation; 

Address:  W)o(-=f  h ])£S  l^oOfP 

Telephone. 

J)£s^6^0/^  /2.E-T/S  r^A/r 

3dfr^0~  usea  TO  P/l£/^C 

Tz^  HC,  fift. 

t * 

C/HBfPss  Tc^  2^ 

4.1  AC  oA  CMrr/^6  7«o<-c. 


^ACTi^d  SP^JTV^t^O'  (S' 


S(^c^ 

vr^/ty 

£ff£  cri^£ 

fu 


'(4TUft&  b«f(K,lC 


co^nA/Cr^  ro 


w/ co^  c£f^  r/t^n^ 
PP,£^€'^  <?«/ 


uj‘ 7>,e 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


Friction 
0 Wear 
3..  Lubrication 

Surface  Damage 
Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 

VARIABLES  CONSIDERED 

Load/Pressure 
Velocity 
Temperature 
i3^  Environment 
5 Dist/Time/Amp 
A Geometry 
(t,)  Finish/Lay 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

)Sliding 
Rolling 
Shde/Roll 
Impact 

Reciprocating 
Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION: 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 
/ recent  findings  and  future  directions. 

PROJECT  TITLE:  \\C50^  iZoO 

Nan>e:^'^^v0li^5  — Affiliation:  fA  . 

Address:  ^ 

Telephone:  HVT'O'SU  \ 


Oc.  GAS^  CXSU'cic^Wv^:, 


UvcWL  CtouS-  CoVDal4  'o.CU^  Oxcb'n<^ 
VM  'aa  Wc^  uXai-  CtjoVacoAl&^d 

-l1,Xt0L  S/liWo 
5,^  \4vcWi? 


(Please  Circle  All  Appropriate  Parameters) 


HENOMENON  BEING  STUDIED: 


1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15.  Oil  Analysis 

16.  Life 

17.  Filtration 

18.  Noise 

19.  Leakage 

20.  Other  (Please  Specify) 


Cfl.  Composition^ 


bnvironment 
Dist/Time/Amp 
Geometry 
Finish/Lay 


^fugtbi‘6  -b' 

1^  Physical  ^operties 
11  Thermal  Properties 
J2.  Chemical  Properties^ 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION: 

1 Slldii 

2.  Rolling 
^ Slide/Roll 
r'^TfTipacr? 

5.  RecipTocati  ng 
Osciiiatincb 

7.  Other  (Please  Specify) 


LUBRICATION: 

Unlubricated  S> 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE;  PROGRAM  73R 

Name:  GERALD  STEPHENS  Affiliation:  w.  S,  DODGE  OIL  CO„,  INC  „ 

Address:  3710  FRUITLAND  AVEo  (American  Society  of  Lubrication 

Telephone;  MAYWOOOD,  CALIF.  90270-2196  Engineers) 

(213)  583-3478 


WE  ANTICIPATE  A RESEARCH /DEVELOPMENTAL  PROGRAM  EMPHASIZING 
SOLID  FILM/DRY  FILM/SEMI-FLUID  SURFACE  IMPREGNATION  OF  COMMON 
AND  EXOTIC  ALLOYS  FOR  THE  PURPOSE  OF  REDUCING  FRICTION,  FRETTING, 
WEAR.  GOALS  WILL  INCLUDE  THE  REPLACEMENT  OF  CONVENTIONAL  LIQUID 
PETROLEUM  OR  SYNTHETIC  LUBRICANTS  IN  EXTREMELY  HEAVY-DUTY  SERVICE. 
THIS  IS  ANTICIPATED  TO  INCLUDE  TRANSMISSION  AND  DIFFERENTIAL 
GEARING  COMPONENTS,  STATIONARY  MACHINERY,  WEAPONS  SYSTEMS,  SMALL_ 
ARMS  AND  OTHER  MILITARY  HARDWARE  UNDER  CONDITIONS  IN  WHICH 
THE  ENVIRONMENT  OR  WORKING  CONDITIONS  PRODUCE  EXTREMES  OF 
TEMPERATURE/PRESSURE,  IT  IS  ALSO  HOPED  TO  REDUCE  CONTAMINANTS 
ATTRACTED  UNDER  FIELD  CONDITIONS  TO  CONVENTIONAL  LIQUID  LUBRICANT 
SYSTEMS,  WITH  THE  AIM  OF  PROVIDING  RELIABILITY  TO  FIELD  ARMS/ 
HARDWARE,  GRANTS  FOR  THIS  RESEARCH  PROGRAM  HAVE  NOT  BEEN 
APPLIED  FOR, 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

h Friction 
jZ.  Wear 

3,  Lubrication 

4 Surface  Damage 

5,  Failure 
^e^Fretting 

Erosion 

8.  Adhesion 

9.  Abrasion 

10  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 

15.  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

, \ 

/ 1.\  Sliding 
/ 2,  Rolling 
/ 3 Slide/Roll 

4 Impact 

5 /Reciprocating 

6./  Oscillating 

\ ij.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

J-.  Load/Pressure 

2 Velocity 

3.  Temperature 

1 4.  Environment 
Dist/Time/Amp 

6 Geometry 

7 Finish/Lay 

8 Composition 
,9  Structure 
^10  Physical  Properties 
.11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

1.  Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4 Grease  Lubrication 

Cs  Solid  Lubrication 

6.  Other  (Please  Specify) 
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I 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  Information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  hiqh  SPEED  FRICTION 

Name;  a.  Kent  Stiffler  Affiliation;  Mississippi  State  University 

Address;  Drawer  ME,  Mississippi  State,  MS  39762 
Telephone;  (601)325-3260 

A melt  concept  is  proposed  to  explain  the  tribology  of  unlubricated  metal  pin-on 
disk  sliding  at  high  speeds.  A squeeze  film  model  of  the  melt  film  is  developed 
whicn  depends  on  the  contunually  rorming  melt  to  give  steauv-scate  loaa  support. 
Expressions  are  derj'J'ed  the  film  thickness,  ■.■.oef f icient  of  friction,  and  wear 
The  theory  is  applied  to  pin-on-disk  data  available  in  the  literature.  There  is 
good  agreement  between  theory  and  experiment  for  the  friction  coefficient.  The 
results  for  wear  are  inconclusive.  A significant  factor  affecting  the  findings 
is  surface  roughness. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

^ Friction 

11, 

Load  Capacity 

O' 

Sliding 

(2)  Wear 

12. 

Surface  Temperature 

Y 

Rolling 

3.  Lubrication 

13 

Contact  Stress 

3 

Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

4 

Impact 

5 Failure 

15. 

Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16 

Life 

6 

Oscillating 

7.  Erosion 

17 

Filtration 

7 

Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19. 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

Q)  Load/Pressure 

8 

Composition 

cP 

Unlubncated 

Q)  Velocity 

9 

Structure 

2 

Liquid  Lubrication 

j Temperature 

Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

oy 

Thermal  Properties 

4 

Grease  Lubrication 

^ Dist/Time/Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

^ Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

(7^  Fmish/Lay 

DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  < 

Name:  Thomas  J.  Stiegowski  Affiliation.  ASME 

Address:  189  Patterson  Way,  Berlin,  CT  06037 

Telephone:  (203)  828-3935 

r^i/rc^  (y:f‘ y 

- 

/'j  </  q/^j^  ^///  ^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 


Friction 

Gr  Lubrication 
4 Surface  Damage 

5.  Failure 

6.  Fretting 

7 Erosion 

8 Adhesion 
9,  Abrasion 

10.  Fatigue 


1J  Load  Capacity 
^5*^Surface  Temperature 
i3  Contact  Stress 
Film  Formation 
)il  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED; 


Load/Pressure 

Velocity 

Temperature 

Environment 

Dist/Time/Amp 

Geometry 

Finish/Lay 


8 Composition 

9 Structure 

10  Physical  Properties 
1 1 . Thermal  Properties 
12  Chemical  Properties 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION: 

1^  Sliding 
Od  Rolling 

3 Siide/Roll 

4 Impact 

5 Reciprocating 
Q/  Oscillating 

7 Other  (Please  Specify) 


LUBRICATION: 


a, 


Unlubricated 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Solid  Lubrication 
Other  (Please  Specify) 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

"P.  C.  SlAH 


Name: 

Addre: 

Telephone:  ^^33 


Affiliation 


ion;  ^ . /Vj.  ^efK.e>,rxJ^ 


Address:  F(u.U  1)^+  &.H.  Warren,  me 

Tftlenhonp:  ^ I 


S'+iuJ'^  o4  C^>v'h>-c^  C<jvui4+rj*v  hetajeen^  iiut,  Ltr»«e  ^ 

5 wlj  writ  eV  etvitAA.l|^  H tL*.  b<n^ 

i S^«-c4“  »*A»fe,+<4  . T(<jt  cT'P p 

j ^ +Lfc.  ^A+3erin«'*^*4-s>K  0^  +L*.  j3Av.»,civ  f£»je 

+Ui^5  bou,t^^r^  CffK^r-hAs  ntAi-uLn'c^ 

SktA.'t"  ’fxrYm*m^  (pt^^^fS  . 

r Sur-^s-cc  r-ar-^Lfc^PS  fn  l»^Jrarap|j’s«=^»^”c.  (uhr>'‘C^>'f>%  , TU 

<v»  +0  r€’ta-^  'ItUrefcAA.C  ^ «^>e^ 

\ OtA. s "TLt 


4. 


e 1 1 ‘ jecAr^  S 

te  JUvelopL  bcft^  pdteL-^**  -tnr  fiTU  XC 

® (Please  Circle  All  Appropriate  Parameters)  Ue<Yf*^, 


4 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


(5  Friction 

^ Load  Capacity 

2.  Wear 

np  Surface  Temperature 

(|>  Lubrication 

Contact  Stress 

4 Surface  Damage 

(T^  Film  Formation 

5.  Failure 

15.  Oil  Analysis 

6 Fretting 

16  Life 

7 Erosion 

17.  Filtration 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

Leakage 

10.  Fatigue 

^ Other  (Please  Specify) 

VARIABLES  CONSIDERED: 


' Load/Pfflssure 
Velocity 
Temperature 
Q)  Environment 
^ Dist/Time/Amp 
I Geometry 
' Finish/Lay 


8.  Composition 

f Structure 

Physical  Properties 
Thermal  Properties 
12.  Chemical  Properties 
13.  Other  (Please  Specify) 


TYPE  OF  MOTION: 

f Sliding 
Rolling 
Slide/Roll 
4.  Impact 
^ Reciprocating 
S.  Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION: 

1.  Unlubricated 

f Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
5.  Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Tribology  and  Sliding  Wear 

Name:  Paul  Swanson  Affiliation.  Deere  & Co.  Technical  Center 

Address;  3300  River  Drive,  Moline,  IL  61265 
Telephone;  (309)757=5270 


Objective 

Identify  and  develop  appropriate  wear  testing,  analysis,  and  prediction 
techniques  that  assist  Deere  factory  units  with  the  design,  development,  and 
manufacture  of  products  with  superior  wear  resistance. 


Note?  This  broad-based  objective  is  required  because  John  Deere 

manufactures  a wide  variety  of  agricultural  and  industrial  equipment. 
Consequently,  the  results  of  our  tribology  research  activity  at  the 
Deere  & Company  Technical  Center  must  be  applied  as  widely  as 
possible  to  ensure  the  optimum  tribological  performance  of  Deere's 
products.  While  working  with  specific  factory  units  in  solving 
problems  related  to  wear,  friction,  and  lubrication;  a concerted 
effort  is  made  to  develop  test,  analysis,  and  prediction  techniques 
that  may  be  readily  used  by  other  Deere  units  with  similar  tribology 
concerns . 

Current  Work 


Current  work  is  focussed  on  the  development  of  wear  testing,  analysis,  and 
prediction  techniques  that  can  be  used  by  Deere  engineers  in  designing 
mechanical  components  in  which  rolling/sliding  contacts  occur  under 
lubricated  conditions.  Some  work  is  also  being  done  on  the  mild/severe  wear 
that  takes  place  under  dry  sliding  conditions. 

Previous  Results 


Previous  work  focussed  on  understanding  the  mechanisms  of  abrasion  that 
occurs  on  soil  working  tools.  It  was  found  that  a laboratory  abrasion  test 
which  uses  a dry  sand  rubber  wheel  apparatus  can  adequately  rank  various 
heat  treated  steels,  cast  irons,  and  hardfacings  according  to  their  abrasion 
resistance.  (See  P.  A.  Swanson  and  R.  W.  Klann,  "Abrasive  wear  studies 
using  the  wet  sand  and  dry  sand  rubber  wheel  tests",  In  S.K.  Ree,  A.W.  Ruff, 
and  K.C.  Ludema  (eds).  Wear  of  Materials,  ASME,  New  York,  1981,  pp.  379- 
389.)  Also  for  a limited  range  of  materials  it  was  found  that  the  results 
of  this  test  correlated  with  those  obtained  in  soil  working  tests  carried 
out  in  a sandy  soil.  (See  P.  A.  Swanson,  "Comparison  of  laboratory  and 
field  abrasion  tests".  In  K.C.  ludema  (ed).  Wear  of  Materials,  ASME,  New 
York,  1985,  pp.  5 1 9-525  .') 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


Affiliation:  I c c^'hj 


PROJECT  TITLE:  — 

Name: 

Address.  a/j  dlfsC 

Telephone: 

Mi  o,'/i  flurJf,  o4/e^tiV-^/ 

.-F  5pAcr^)t^  OJ;f,VJL 

Cc^i/c.,.n^l  o,-Ij  o^J 


( o I j I i/j  ^xi''j 


y'lT'vy  O 

"faUiurJ 


sUU,l,Xj.  ?l<^j-  UJO^I^  r4.ez^tly 

Fv/t,/M  Uo<^k  1^,  lyf't 

(JWVcl\  f«^(s  Cg,  H Ux  U^i-U.6-^yyPci- 


{Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1 Friction 

Wear 

Lubrication 

4.  Surface  Damage 

5 Failure 

6 Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 

10.  Fatigue 

1 1 . Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Life 

17.  Filtration 

18  Noise 

19.  Leakage 

20.  Other  {Please  Specify) 

1 Sliding 

2.  Rolling 

3 Slide/Roll 

4.  Impact 

5.  Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1.  Load/Pressure 

2 Velocity 

3.  Temperature 

4.  Environment 

5.  Dist/Time/Amp 

6.  Geometry 

7.  Finish/Lay 

8.  Composition 

9.  Structure 

10.  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13.  Other  (Please  Specify) 

1 Unlubricated 
^2TXiquid  Lubrication 

Sas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 
(pother  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name:  Affiliation; 

Address;  I00l4  ^ 

Telephone; 


7% 


or/  z- 

C/^  oiS  AUS^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1 Friction 

11  Load  Capacity 

1.  Sliding 

2 Wear 

12  Surface  Temperature 

2.  Rolling 

3 Lubrication 

13.  Contact  Stress 

3 Stide/Roll 

4 Surface  Damage 

14.  Film  Formation 

4 Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17  Filtration 

7 Other  (Please  Specify) 

g Adhesion 

18.  Noise 

9 Abrasion 

19.  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION: 

1.  Load/Pressure 

6 Composition 

1 Unlubricated 

2 Velocity 

9 Structure 

2 Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

1 1 Thermal  Properties 

4.  Grease  Lubrication 

5 Oist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Effect  of  Convective  Inertia  on  Bearing  Performance 
Name;  Andras  S.  Szeri  Affiliation; 

Address; Department  of  Mehanical  Engineering,  Univ.  of  Pittsburgh,  Pittsburgh,  PA 
Telephone;  (412)  624-5338  15261 


In  this  numerical  study  of  fluid  inertia  effects  in  long  journal  bearings, 
we  compare  results  from  (1)  the  full  Navier-Stokes  equations,  (2)  a lubrication 
approximation  relative  to  the  natural,  i.e.,  the  bipolar  coordinate  system,  and 
(3)  the  Reynolds  lubrication  approximation.  The  study  Indicates  that  in  the  range 
0 < Re  < 2000,  where  Re  = RuC/v  is  the  Reynolds  number,  incorporation  of  convective 
fluid  inertia  changes  the  magnitude  of  lubricant  force  and  linearized  oil  film 
stiffness  at  most  in  the  third  significant  digit  for  typical  bearing  geometries, 
in  comparison  with  non- inertial  values  of  the  same  quantities. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

1.  Friction 

Load  Capacity 

Sliding 

2.  Wear 

12. 

Surface  Temperature 

2 Rolling 

^^Lubrication 

13. 

Contact  Stress 

3 Slide/RoM 

T Surtace  Damage 

14 

Film  Formation 

4 Impact 

5 Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16 

Life 

6 Oscillating 

7 Erosion 

17. 

Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10.  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1.  Load/Pressure 

8 

Composition 

1 Unlubncated 

^ Velocity 

9 

Structure 

ij)  Liquid  Lubrication 

3 Temperature 

10 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Behaviour  of  Viscoelastic  Lubricants  in  High  Shear  Rate. 

Name.  Andras  S,  Szeri  Affiliation. 

AddressDepartment  of  Mechanical  Engineering,  Univ.  of  Pittsburgh,  Pittsburgh,  PA 

Telephone:  (412)  624-5338  15261 

In  bearings  of  various  types  non-Newtonian  effects  might  assume  importance 
due  mainly  to  two  circumstances;  process  fluid  lubrication  and  treatment  of  the 
lubricant  with  polymeric  additi^^es.  Yet  there  is  little  available  in  the  way  of 
material  characterization  of  lubricants.  In  this  experimental/numerical  research 
we  study  the  behaviour  of  viscoelastic  fluids  under  high  rate  of  shear.  The 
apparatus  is  rotating  parallel  discs  (prototype  of  flow  in  a thrust  bearing) . A 
marked  departure  in  the  flow  characteristics  of  the  non-Newtonian  fluid  under 
consideration  from  that  of  the  Newtonian  fluid  is  the  appearance  of  a narrow  layer 
where  in  the  velocity  gradients  are  exceedingly  hight.  The  numerical  method 
utilizes  bifurcation  theory  - to  locate  point  of  instability  - and  spectral  methods. 
The  theoretical  model  we  are  presently  using  is  that  of  vmtt  Oldroyd  - B fluid. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

1 Friction 

11 

Load  Capacity 

2 Wear 

12, 

Surface  Temperature 

Lubrication 

13 

Contact  Stress 

4 Surface  Damage 

14 

Film  Formation 

5 Failure 

15 

Oil  Analysis 

6 Fretting 

16 

Life 

7 Erosion 

17. 

Filtration 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

1 Load/Pressure 

8 

Composition 

^ Velocity 

9 

Structure 

3 Temperature 

10 

Physical  Properties 

4 Environment 

1 1 

Thermal  Properties 

5 Dist/Time/Amp 

12 

Chemical  Properties 

6 Geometry 

13 

Other  (Please  Specify) 

7 Finish/Lay 

TYPE  OF  MOTION 

Sliding 
2.  Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


1 Unlubricated 
© Liquid  Lubrication 
3.  Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

(§)  Other  (Please  Specify^  , , l 

f-Lua) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Thermohydrodynamic  Performance  of  Journal  Bearings  with  Non-Newtonian 
Lubricants , 

fg3me;  Andras  S.  Szeri  Affiliation: 

Address:  ^49  Benedum  Hall 

Telephone:  (412)624-5338 

This  research  is  aimed  at  investigating  the  performance  of  journal  bearings 
under  non-isothermal  conditions,  when  operated  with  non-Newtonian  lubricants.  Our 
reasgns  for  undertaking  this_ research  are  as  follows:  Calculations  based  on  Newtonian 
lubricant  behavior  predict  what  sometimes  is  a serious  degradation  of  bearing 
performance,  due  to  the  temperature  caused  changes  in  lubricant  viscosity.  On  the 
basis  of  our  recent  investigations  into  Poiseuille  flow  between  parallel  plates  we, 
on  the  other  hand,  suggest  it  possible  that  even  slight  departure  from  Newtonian 
behaviour  of  the  lubricant  renders  bearing  performance  relatively  insensitive  to 
changes  in  lubricant  temperature.  To  demonstrate  the  validity  of  our  contention 
we  evaluate  the  performance  of  bearings  operating  with  non-Newtonian  lubricants. 

We  do  this  in  the  correct  manner,  i.e.  through  a thermodynamic  analysis  that  is 
appropriate  to  non-Newtonian  fluids.  Finite  difference  and  spectral  methods  are 
used  in  the  analysis. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

1 

Friction 

11. 

Load  Capacity 

1. 

Sliding 

2. 

Wear 

12 

Surface  Temperature 

2 

Rolling 

3. 

Lubrication 

13 

Contact  Stress 

3 

Slide/Roll 

4. 

Surface  Damage 

14 

Film  Formation 

4 

Impact 

5 

Failure 

15 

Oil  Analysis 

5 

Reciprocating 

6 

Fretting 

16 

Life 

6 

Oscillating 

7 

Erosion 

17, 

Filtration 

7 

Other  (Please  Specify) 

8 

Adhesion 

18 

Noise 

9 

Abrasion 

19 

Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1. 

Load/Pressure 

8 

Composition 

1 

Unlubricated 

2 

Velocity 

9 

Structure 

2 

Liquid  Lubrication 

3 

Temperature 

10 

Physical  Properties 

3 

Gas  Lubrication 

4 

Environment 

1 1 

Thermal  Properties 

4 

Grease  Lubrication 

5. 

Dist/Time/Amp 

12. 

Chemical  Properties 

5 

Solid  Lubrication 

6 

Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7. 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Stability  of  Flow  Between  Rotating  E<l.ti-AHi‘‘<^^Cylinders o 
Name;  Andras  Z.  Szeri  Affiliation. 

Address;  Dept : Lof  'Mechanical  Engineering,  Univ.  of  Pittsburgh,  Pittsburgh,  PA  15261 
Telephone;  (412)  624-5338 

It  is  essential  for  the  designer  of  large  rotating  apparatus  to  know  apriori 
the  operating  conditions  his  machine  will  experience.  But  the  prediction  of  operating 
flow  regime  cannot  be  based  on  the  isothermal  theory.  Isothermal  theory  predicts 

n 

flow  transition  in  the  local  Reynolds  number  range  1500  < R|^  < 2000,  in  contradigt d^tion 
to  the  range  found  in  large  Bearings,  VIZ.,  400  < < 800,  In  this  numerical 

study  of  flow  between  eccentric  rotating  cylinders  we  use  bifurcation  theory  to  locate 
the  conditions  where  the  basic  flow  gives  up  its  stability.  The  full  Navier-Stokes 
equations  are  ^©Wfe<Mby  spectral  method  and  the  bifurcatipn  point  is  located  using 
pseudo  arclea^th  continuation.  The  computations  are  performed  dn  the  CRAY  X-MP 
of  the  Pittsburgh  Supercomputing  Center. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

1 Friction 

11 

Load  Capacity 

© 

Sliding 

2 Wear 

12 

Surface  Temperature 

Rolling 

3 Lubrication 

13 

Contact  Stress 

3 

Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

4, 

Impact 

5 Failure 

15 

Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16 

Life 

6, 

Oscillating 

7 Erosion 

17 

Filtration 

7. 

Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

Leakage 

10  Fatigue 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1 Load/Pressure 

8 

Composition 

1 

Unlubricated 

^ Velocity 

9 

Structure 

^ Liquid  Lubrication 

^ Temperature 

10 

Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

Thermal  Properties 

4 

Grease  Lubrication 

5 Disl/Time/Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7 Fmish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name:  Tibor  E.  Tallian  Affiliation:  Talliaji  Consulting  Corp 

Address:  3^  Dunminning  Road 

Telephone:  Newtown  Square,  PA  19073 
215  688-4552 

Hertzian  contact  fatigue  life  prediction  models.  Corrections  for 
environmental  and  design  parsiraeters.  Formulation  suitable  for  com- 
puter programming  use.  Plans  Include  fatigue  limit  stress  in  model. 

Rolling  bearing  failurediagn  osis  expert  systems. Plans  continue. 

Tribology  database  user  interface  expert  system  concept  design. 

Plans  •'  sponsorship. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 

Wear 

Lubrication 
I Surface  Damage 
I Failure 
Fretting 
Erosion 
Adhesion 


9^  Abrasion 
^TojFatigue 


^^Load  Capacity 

Surface  Temperature 
13.  Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Specify) 


14 

15 

18 

19 

20 


VARIABLES  CONSIDERED; 

•Load/Pressure  8 

/elocity  9 

^Temperature  10 

^Environment  11 

Dist/Time/Amp  12 

Geometry  13 

^yFinish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

Sliding 
I Rolling 
iSlide/Roll 
Impact 

Reciprocating 
Oscillating 

Other  (Please  Specify) 


LUBRICATION 

1 Unlubricated 
Liquid  Lubrication 
3 Gas  Lubrication 
Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  T1TLE;™GTI0N  AND  WEAR  OF  CERAMIC  MATERIALS 

Name:  Gerald  J.  Tennexihouse  Affiliation:  Scientific  Research  Laboratory 

Address:  P.O.  Box  2053j  Ford  Motor  Coo 

Telephone;  Dearborn,  Michigan  48121 
31 3-594-0982 

1 c Investigate  the  interactions  of  ceramic  cutting  tool  materials  such  as  silicon  nitride 
and  tungsten  carbide  with  commor:  me‘'A‘'j.2  such  as  cast  iron  and  steel  under  the  speeds, 
loads  , and  enviomments  of  machining  conditions.  Both  pin  on  disk  wear  tests  and 
actual,  machining  tests '.were  used.  Chemical  contributions  to  wear  were  identified  and 
methods  of  inhibiting  interfacial  chemical  reactions  were  developed,  resxilting  in 
reduced  wear. 

2.  Investigate  the  friction  and  wear  of  ceramic  materials  under  conditions  of  speed, 
load,  enviomment,  temperature  and  relative  motion  (reciprocating  & continuous)  > similar 
to  those  of  , high  temperature  heat  engines  in  the  absence  of  conventional  lubrication. 
This  work  is  presently  in  progress.  The  major  method  of  approach  is  by  pin  on  disk 
tests  under  controlled  conditions.  . Some  unexpected  weaF  mechanisms  and  some 
novel  approaches  to  friction  and  wear  reduction  have  been  identified.  However,  this 
work  is  proprietary  at  the  present  time. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


_ Fnctior^  1 1 

^ wear?  12. 

3 Lubrication  13 

Surface  Damage  14 

Failure  15 

^Fretting  16 

^'Erosion  17 

Adhesion  18 

Abrasion  19 

10  Fatigue  20 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Tr"Coad/Pressur 


;rature  ) 
Environment  ) 
TAmp 

Geometry 

Finish/Lay 


composition  , 
Structure 

Physical  PTopemes-^, 

1 1 Thermal  Properties 
’ unefhical  Pr~o~perties. 
Other  (Please  Specify) 


13 


TYPE  OF  MOTION: 


jhding  ' 

2 Roiling 

3 Slide/Roll 

4 Impact 

CS  ReciDToraiiiTn 
6 Oscillating 
7.  Other  (Please  Specify) 


LUBRICATION: 


‘O.  UDlubrreate?~^ 

2 Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
(3^  Solid  Lubrication 
6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE; 

Name-  Afliliatlon:  ZitF 

Address:  . 

Telephone:  ^ ^ c 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

1.  Friction 

1 1 Load  Capacity 

1.  Sliding 

2 Wear 

12.  Surface  Temperature 

2 Rolling 

3 Lubrication 

_^^^Contact  Stress 

3.  Slide/Roll 

^^^Surface  Damage 

14.  Film  Formation 

4 Impact 

5.  Failure 

15.  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17.  Filtration 

■^>^’‘T~::Other  (Please  Specify) 

'T  tL>Adhesion 

18.  Noise 

9 Abrasion 

19.  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

Load/Pressure 

8 Composition 

1 Unlubricated 

2 Velocity 

9 Structure 

2 Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

^4  Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

'^S^Solid  Lubrication 

'•'C^~>Geometry 

Finish/Lay 

13.  Other  (Please  Specify) 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:" 

Name:  ^ Affiliation: 

Address: 

Telephone:  Stir- 

of  V ^ 

eKprr»,oi,i  fi"-  d.ffn,s,^  f^hr^  J.reXox^  - e^per.rn^M 

^eri^c^ho^  ^f  ' pr^ssc4r^‘‘  c/~Jor  le.sri*i^s. 

£r^cf  dnd  '>  ^7/^ 

7 ^ B^ja!  - fieu)  p^odeh  Br  bel4>^iO>r 

Ure  if .^..7 

Searcy  u 

^pprciicL  ~ dep^r^y^ph  Jia^K^cfio  ^ dfceJ-  B»/p,y  ^ 

z4/4  e^hUisd&J.  ^ /^pr^c/ya^s  - ^ondnu^ ^ i>e<a^ipjy% 

led  d^Lf'i  A,  J 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION; 

1 Friction 

1 1 Load  Capacity 

1.  Sliding 

2 Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4.  Surface  Damage 

14  Film  Formation 

4 Impact 

5.  Failure 

15  Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17  Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION; 

1.  Load/Pressure 

8.  Composition 

1.  Unlubricated 

2 Velocity 

9.  Structure 

2 Liquid  Lubrication 

3 Temperature 

10.  Physical  Properties 

3.  Gas  Lubrication 

4 Environment 

1 1 . Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

7.  Finish/Lay 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

DESCRlPTlOn  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name;  /jxcei:  Affiliation;  Cd;  ^ 

Address.  A/avf-AiDrfvo*  Mai  . o/Sf  l 

Telephone;  -39 j-i i:,/ 


q /JTrr.UjL.  fry' 

Gv/vv-ic 


kf-e.au'^ 


p-VTSiA*^dl„  -ii-i  i 1*^  'Vv'.HJCiOr 

/ 

Ccrl  I”  e 

■*  . f- 

P'UlTxjlIS.^  CfR^CTt  0*/ > “■  ^CbXCC  uaJj"  i-^A.cc_a.^  H G.  s 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

1 Friction 

11 

Load  Capacity 

1 

Sliding 

Wear 

12, 

Surface  Temperature 

Rolling 

3.  Lubrication 

13. 

Contact  Stress 

© 

Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

4 

Impact 

5.  Failure 

15 

Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16 

Life 

6 

Oscillating 

7 Erosion 

17 

Filtration 

7 

Other  (Please  Specify) 

8.  Adhesion 

16 

Noise 

9 Abrasion 

19 

Leakage 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

Load/Pressure 

Composition 

A 

Unlubricated 

2 Velocity 

Structure 

(t) 

Liquid  Lubrication 

3 Temperature 

Oj^i/ 

Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

11 

Thermal  Properties 

4 

Grease  Lubrication 

5 Dist/Time/Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

(T)  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

^ H'cru 

ii  Krt.3  C - Affiliation.  O 

Bss:  pox>«NT>,  HA  c>2^t>2S 


PROJECT  TITLE:  , 


Name:  Kn 

Address: 
Telephone: 


ur**^ 


.>Yx.v,'  C VO  - Vfif  V vji/ 


<wt-  h-  ° 

.(Xc-Ls  ^ kJTy^oU^^  TU  .14.  ^ voiv. 

6L  . A 

^ t A-f . 


urCve^ 


C>- 

bw-i^  --  ^ 


1Z~  L-1  ■ 


A lvs^tv..4 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

1 - 

TYPE  OF  MOTION: 

1.  Friction 

It. 

Load  Capacity 

1.  Sliding 

<^?Wear 

12. 

Surface  Temperature 

2 Rolling 

3.  Lubrication 

13. 

Contact  Stress 

Slide/Roll 

^^^urface  Damage 
Failure 

14 

Film  Formation 

4 Impact 

15 

Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16 

Life 

6 Oscillating 

7 Erosion 

17. 

Filtration 

7 Other  (Please  Specify) 

J.  Adhesion 

18 

Noise 

'^^Abrasion 

19 

Leakage 

^^^atigue 

20. 

Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

1 Load/Pressure 

8. 

Composition 

1 Unlubricated 

2 Velocity 

9 

Structure 

2 Liquid  Lubrication 

C^^as  Lubrication 

3 Temperature 

ClOj>>hyslcal  Properties 

4 Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

li*  Chemical  Properties 
05!~3)ther  (Please  Specify) 

5 Solid  Lubrication 

6 Geometry 

7 Finish/Lay 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directior^ 

PROJECT  TITLE: 


Name:  P'S-T  i 

Address:  2.0  \ 


Affiliation: 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


Friction 
?Wear 
Lubrication 
Surface  Damage 

5.  Failure 

6.  Fretting 

7.  Erosion 

8.  Adhesion 

9.  Abrasion 
to.  Fatigue 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 
20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressure 
'Velocity 
’Temperature 
'Environment 
Oist/Time/Amp 
geometry 
'T’.^inish/Lay 


6 Composition 
9 Structure 
10.  Physical  Properties 
Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION: 

1.  Sliding 
/^Rolling 
3.  Slide/Roll 
^^^Impact 

5.  Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 

^Unlubricated 
'Liquid  Lubrication 
* Gas  Lubrication 
Grease  Lubrication 
^^^olid  Lubrication 
6.  Other  (Please  Specify) 
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DESCRIPTION' AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name:  ^ ^ Affiliation: 

Address:  5^ 42V  ^i/sTok)  tx  1 7 ’^^'3 

Telephone: 


V^ueu-cP  SOuDj  'o/u  VSFa^cfSJi 

pii-t.  ALLOh/-  Fon^  ^(IX  ■por’sj) 

nAKB  OP  OP  P'PX  J rfootfisc 

fdOPjll'eTAk&j'f  TAffBAV^  SAJ  OIL.  I^£  LL-, 

7vQ/a>C-'  CfV5^A/0.  # r ilH  rj o sT" 

l3t  jjoA/  Rs<^<i,Tiir-L  ^'ta  -Do^AJAoL-t  s/1/^i/i.o/o/FeA/Ts 
tiO%-r  uof  pp^oRoT-e  ^al-MaI/c.  ATT/ic^ 

Or 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


I Friction 
Wear 

Lubrication 
* Surface  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
9 Abrasion 

10.  Fatigue 


Load  Capacity 


TYPE  OF  MOTION: 


12.  Surface  Temperature 

2.  Roiling 

13.  Contact  Stress 

3 Slide/Roll 

14  Film  Formation 

4 Impact 

15.  Oil  Analysis 

5.  Reciprocating 

16  Life 

6 Oscillating 

17  Filtration 

7.  Other  (Please  Specify) 

18.  Noise 

Leakage 

20.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 


Sliding 


LUBRICATION; 


Load/Pressure 

^Velocity 

[■Temperature 

'Environment 

Dist/Time/Amp 

Geometry 

Finish/Lay 


8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12.  Chemical  Properties 

13.  Other  (Please  Specify) 


^ 1J  Unlubricated 

Liquid  Lubrication 

3.  Gas  Lubrication 

4.  Grease  Lubrication 
Solid  Lubrication 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  '*  My  Iv  Pcr'pr'm-.nct  ^ Teat” 


Name:  ^ l/^ncc. 

Address: 

Telephone:^^^^ 


Affiliation:  A 4-/1  U ¥%.  I T7ij 


thr 


r^j'ecT'  iT&ci  ^ ^ 


^ C4^oi^c.ltL,  ^ /^~ 

ypre*^^  *v  T^ofs  -fir  pr&Ji/TT^^  ifi 

^ ^ fe^e.e'S^e 


? 


*v  ^t^^K.ijrts  coG/s  yGr 

cs/ * r rc" c ^ ^ /i\fT~rui^ e Te-e/ 


J 


. r/ 


^ >rti  Tfi 


r ^ '?  /^  ‘^  / / / 

"Tre-ory  A^J  ^Ce*^  d^e-ire-fe ^ J 


Ct  t e£,rf  *^c  *>t 

r-f^^C^Tf  /^e.rl/<K^  o-»v  r"  r<^^J  , 

r!  -T—  / r ^ cc/ 


u 


Jre,  ^>r-  ^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


10 


Friction 

Wear 

Lubrication 

Surlace  Damage 

Failure 

Fretting 

Erosion 

Adhesion 

Abrasion 

Fatigue 


1 1 . Load  Capacity 

12.  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 
15.  Oil  Analysis 


19 

A 


Life 

Filtration 
Noise 
Leakage 
Other  (PIf 
• #’re.  <fe«i 


'lease  SpMlfy)^  , 


VARIABLES  CONSIDERED: 


5.  Dist/Time/Amp 
C'^Ge^etry^ 

7.  FinisRTCly 


8.  Composition 

9.  Structure 

10.  Physical  Properties 

11.  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION: 

1 Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5.  Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


froN 


LUBRICATTON; 

LJLiolut^ 

Liquid  Lubricatic 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 

7^«  M^JC 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  LxPe 

Name:  v~.  C3  Affiliation: 

Address: 

Telephone: 

\-Vt|0N|2><^C.  Cj^-TCfcV^  rw)i  “CVt-G  ^ TV,e^^ 

(VflG^  ^T-  I^Jv/avJe-  (M^ptccJVniO  Of^  G,j . 

iA>rts  OcNt^S'i  cA^r^orO  e>fO  f^A^Te»<£xA<-S  ®f>-^  ~rH^ Sttfu 

'^LP^C<\  ^ Trt^  'jZeSe^'nPctA-  Ir^TO  '-JH^  6^/5«>JVTVi»tO  sStJyO- 

p«^ 

iT^  J (wCik  cso  SvWU,  ISto 

■f^cc^cjo  et=picx^Tu.j  70  h^vr  QM5,T0i^<^  / 

cO  k.Tw  RjiOk  km„^  Z'**^  ^ 5cSTrz.:rw^o  ^ 

pikO^e^cr  trWn.'rv*  ^ 

U!>\TVn*0  £r:drj£'>-''’ C TM^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

CO  Friction 

Load  Capacity 

Sliding 

CS^  Wear 

Q3  Surface  Temperature 

2.  Rolling 

i Lubrication 

13.  Contact  Stress 

3.  Slide/Roll 

^ Surface  Damage 

14.  Film  Formation 

4 Impact 

^ Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

Life 

6 Oscillating 

7.  Erosion 

Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

^ Noise 

9.  Abrasion 

19  Leakage 

to.  Fatigue 

20  Other  (Please  Specify)  ' 

VARIABLES  CONSIDERED; 

LUBRICATION; 

^ Load/Pressure 

Composition 

Unlubricated 

Velocity 

9.  Structure 

2.  Liquid  Lubrication 

@ Temperature 

qO  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

Qj)  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12.  Chemical  Properties 

Solid  Lubrication 

Q Geometry 

13.  Other  (Please  Specify) 

€ Other  (Please  Specify) 

Q Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name:  Arthur  F.  Vetter  Affiliation:  University  of  Iowa 

Address:  Iowa  City,  lA  52242  Chemical  & Materials  Engineering 

Telephone:  (319)  335-1413 

The  goals  of  the  project  are; 

(1)  To  compare  wear  resistance  of  a broad  spectrum  of  metals,  alloys, 
polymers,  and  polymer  composites  using  ASTM  procedures  G-65e 

(2)  To  compare  wear  resistance  of  the  above  materials  using  other,  non-ASTM 
specified  abrasives. 

(3)  To  study  the  size  and  shape  parameters  of  both  the  abrasives  used  and  the 
wear  debris  produced. 

(4)  To  use  the  data  produced  In  (1),  (2),  and  (3)  above  to  relate  wear 
mechanisms  to  the  abrasive  environment,  the  test  material,  and  the  nature 
of  the  abrasive  used. 

(5)  To  develop  a quantitative  comprehensive  theory  of  abrasive  wear. 

(6)  To  provide  system  designers  with  data  for  optimum  material  selection  for 
a variety  of  applications. 

The  project  has  already  produced  abrasive  data  and  wear  debris  data  on  a 
number  of  carbon  steels.  4340  stainless  steel  and  a group  of  selected 
polymers  and  polymer  composites  are  currently  being  studied  in  goals  (1)  to 
(4)  above. 

Future  directions  will  continue  these  studies  with  other  materials 
including  hard-faced  and  chrome  plated  steels  and  to  pursue  goals  (5)  and  (6). 


“^TPlease  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

^ Friction 
© Wear 
a Lubrication 

Surface  Damage 

5.  Failure 

6.  Fretting 
^ Erosion 

8.  Adhesion 
(S)  Abrasion 

10.  Fatigue 

11.  Load  Capacity 

12.  Surface  Temperature 

13.  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16,  Life 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

Sliding 

2^^  Rolling 

3.  Slide/Roll 

4.  Impact 

5.  Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

LUBRICATION: 

Load/Pressure 

2.  Velocity 
Temperature 
Environment 

5 Oist/Time/Amp 

6.  Geometry 

7 Finish/Lay 

Composition 

Structure 

dO^  Physical  Properties 

CiT)  Thermal  Properties 

Chemical  Properties 

13  Other  (Please  Specify) 

Unlubricated 

2.  Liquid  Lubrication 

3.  Gas  Lubrication 

4 Grease  Lubrication 

5 Soiid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Fretting  Wear 

Name:  Olof  Vingsbo  Affiliation:  university  of  Houston 

Address:  Mechanical  Engineering  Dept.  4800  Calhoun^  Houston^  Tx  77004 
Telephone:  749-2448 


Fretting  phenomena  are  studied  with  the  aid  of  specially  built 
equipment^  covering 'a  range  of  displacement  amplituded  from  sub- 
incipient  slip  to  reciprocating  sliding  (1-200  ym)  and  vibration 
frequencies  (10-20^000  Hz). 

Experiments  are  carried  out  under  both  elastic  and  plastic  contact 
conditions.  The  scope  is  to  find  relationships  between  fretting 
performance  and  materials  parameters , The  development  and  use  of 
Fretting  Maps  is  emphasized.  The  possibility  of  using  Fretting  Maps 
for  predicting  the  fretting  performance  of  a material  under  a given 
set  of  contact  conditions  is  being  explored.  The  relevance  of 
accelerated  fretting  tests,  using  ultrasonic  frequencies,  will  be 
considered . 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

Friction 

11 

Load  Capacity 

CD  Sliding 

^ Wear 

12. 

Surface  Temperature 

2 Rolling 

3 Lubrication 

13 

Contact  Stress 

3 Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

4 Impact 

5„^Failure 

15 

Oil  Analysis 

© Reciprocating 

^^Fretting 

16 

Life 

6 Oscillating 

7 Erosion 

17 

Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

dpLoad/Pressure 

Composition 

^ Unlubricated 

<2^  Velocity 

^Structure 

2 Liquid  Lubrication 

3 Temperature 

10 

Physical  Properties 

3 Gas  Lubrication 

Environment 

1 1 

Thermal  Properties 

4 Grease  Lubrication 

(^i>Dist/T  ime/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13 

Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 Fimsh/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  single  Pass  Pendulum  Grooving 


Name:  Olof  Vingsbo 

Address;  Mechanical  Engineering 

Telephone;  749-2448 


Affiliation; 
Dept.  4800 


University  of  Houston 
Calhoun,  Houston,  Tx  77004 


Of  t.e  a..asion 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION 

/p  Friction 

1 1 Load  Capacity 

Ci5  Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3 Slide/Roli 

4 Surface  Damage 

14  Film  Formation 

4 Impact 

5„,^Failure 

15  Oil  Analysis 

Reciprocating 

^fiPpretting 

16  Life 

6 Oscillating 

7 Erosion 

17  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18  Noise 

^ Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

variables  CONSIDERED 

LUBRICATION 

(iiPLoad/Pressure 

{^Composition 

^ Unlubncated 

Velocity 

C£5siruciure 

2 Liquid  Lubrication 

3 Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

/^^•Environment 

1 1 Thermal  Properties 

4 Grease  Lubrication 

(^^DiSt/T  1 me/ Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

f)  Geometry 

13  Other  (Please  Specify! 

6 Other  (Please  Specify) 

7 Fmish'Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  H y Af pi i lOnX 

1 

Name:  Theodore  Vorburger  Affiliation.  NBS 

Address:  All?*  Metrology*  Gaithersburg,'  MD  20899 
Telephone:  (301)  975-3493 

Oo-  QOO.Isa»i«.-to  e,^plo^t 

-t.-;  k.  Uaxj  +«  cid.cUp  ttd.k...C|aO  To.-  o^'lioe 

i'^.rpcQ.'t  lOo  oF  .Tw^'^clco  i''>  lodui'tv^.o.l  o-pf  1 1 . 

Oo^  siylus  tctlo  m ic^oo:  aA  bvcll  U|b1  « 

i-e.,OLttd-''m9  pa.tte,rAS  T.-o^  voj^h  ? uH  atu-  ty  )0^ 

Jotd.Tkicd-ard.lh  odr-v.^ 4.^1  wall  wl-th  -i-aptr-./wc  - 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

1 Frietion 

11.  Load  Capacity 

1.  Sliding 

2.  Wear 

12.  Surtaee  Temperature 

2.  Rolling 

3 Lubrication 

13  Contact  Stress 

3.  Slide/Roll 

4 Surtaee  Damage 

14.  Film  Formation 

4.  Impact 

5.  Failure 

IS  Oil  Analysis 

S.  Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

S.  Adhesion 

18.  Noise 

9 Abrasion 

19.  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

i Load/Pretsure 

8 Composition 

1.  Unlubricated 

2 Velocity 

9 Structure 

2 Liquid  Lubrication 

3.  Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11.  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 
Finigh/Lay 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  CP  601-20 

Name;  Douglas  A.  Wallace  Affiliation;  Project  Manager 

Address;  6295  Crow  Creek  Road,  Bettendorf,  lA  52722 
Telephone;  ^319)  332-8399 

High  solids  lubricating  grease/paste  containing  Copper  matrix 
with  encapsulated  lead. 

Evaluation  of  proprietary  metalurgical  lubricating  solids, 
their  compatability  with  other  lubricating  additives,  reduction 
of  wear,  increased  load  carrying  capabilities,  reduction  of 
Amp  draw. 

Laboratory  results  and  empirical  data  evaluation. 

Product  now  in  use  for  one  year,  Europe  and  the  U,S, 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


1 PrictiQti-^' 

^T  Wear^  - 
^7  Lubricatiflo) 

4.  Surface  Damage. 
5~-Failufe.^ 

^6  Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


1 1 . Load  Cajijcity 

Tgr-gurtace  Temperature  ! 

13.  Contact  Stress 
> 14  Film  Formation 

15  Oil-Analysis 
^-^16  Lile-^ 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 


d 

c-1 


T„Xoad/PfesauoB-^ 

9 Vplnfily^ ^ 


Vftlnr.ity-  — ^ 

Tamperittiifa^ 


Composition 
Slructuffl 


4 PnvironmftBl 

5 Dist/Timg/Am&j 
^6  Geometr^^ 

7r  Finish/Lay 


PhyeirnI 

1 1 Thermal  Properties 
d 12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION 

1 Sliding 

2 Rolling 

3.  Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


1.  Unlubricated 

Liquid  LubricatioiT 


:3^(jas  Lubrication 

^ Grease  Lubrication  ^ 
^ Soiio  Lubrication  ^ 
Other  (Please  Specify) 

f c- t't  < ^ j 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE:  HYPPo  PYrJAMi  C LUDRi  C/4Ti  okj 

Name;  Affiliation;  stt^TE  ow,v' 

Address:  East 
Telephone:  ^17 


Sliding  lubrication  problems  are  solved  analytically  by  perturbation  methods. 


REFERENCES: 

"The  forces  due  to  the  relative  motion  of  two  corrugated  plates", 
Phys.  Fluids,  26,  611°613,  1983. 

"Hydrodynamic  disc  braking", 

J.  Appl . Mech.,  263=266,  1985. 

"The  skidding  of  an  elliptic  plate  on  a wet  surface", 

Appl . Sci.  Res.,  42,  201-209,  1985. 


"Torque  and  forces  due  to  the  rotation  of  two  longitudinally  corrugated 
cylinders  separated  by  a viscous  fluid", 

Phys.  Fluids,  29,  628-631,  1986. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION; 

1 

Friction 

11 

Load  Capacity 

Sliding 

2 

Wear 

12 

Surface  Temperature 

2 Rolling 

Lubrication 

13. 

Contact  Stress 

3 Slide/Roll 

^-i 

Surtace  Damage 

14 

Film  Formation 

4 Impact 

5 

Failure 

15 

Oil  Analysis 

5 Reciprocating 

6 

Fretting 

16 

Life 

6^^  Oscillating 

7 

Erosion 

17 

Filtration 

Other  (Please  Specify) 

8 

Adhesion 

18 

Noise 

9 

Abrasion 

19 

Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1.. 

Load/Pressure 

8 

Composition 

1.  Unlubricated 

2 

Velocity 

9 

Structure 

^ . Liquid  Lubrication 

3 

Temperature 

10 

Physical  Properties 

3 Gas  Lubrication 

4 

Environment 

11 

Thermal  Properties 

4 Grease  Lubrication 

5 

Dist/Time/Amp 

12 

Chemical  Properties 

5 Solid  Lubrication 

6 

Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 

Finish/Lay 
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SURVEY  TO  ASSESS  THE  CURRENT  LEVEL  OF  TRIBOLOGY 
RESEARCH  AND  DEVELOPMENT  ACTIVITIES  IN  THE  UNITED  STATES 


Name 


Affiliation: 


Loio^tCaCt /o^  //^Ce/f 


Telephone  Number- 


I o 


I eiepnone;  ( ^ ^ ~ Q 


j^sl  CLf^e  (JjzUtlo/^^ 

ZveA/r^l/e  luL/tiLoSt(6^  co^ 

pU^ts  tiJ  uJiK  c^aL'^uc  tfc«  crp-fc^u^ 

ojt  tL^ 

X clo  i$.csecLftc.k  Qyia-SS i Ocjl  Se^se^  X*  / 

~fa/t  ecLcJ^ 

cx^pp  l<  cxSt~^<^A) 


I Co^ 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION; 

^QFrlction 

^j^Load  Capacity 

1.  Sliding 

r^Wear 

12.  Surface  Temperature 

2.  Rolling 

(2)Lubncation 

13  Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

14  Film  Formation 

4 Impact 

r?*)Failure 

nS>  Oil  Analysis 

5.  Reciprocating 

6.  Fretting 

060  Life 

6.  Oscillating 

7.  Erosion 

Filtration 

7 Other  (Please  Specify) 

Adhesion 

1^  Noise 

9 Abrasion 

Cl^  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED; 

lubrication 

f^^oad /Pressure 

8 Composition 

1 Unlubncated 

Velocity 

9 Structure 

(^)Liquid  Lubrication 

v^p  Temperature 

10  Physical  Properties 

3 Gas  Lubrication 

0^  Environment 

1 1 Thermal  Properties 

j^£}  Grease  Lubrication 

5.  Dist/Time/Amp 

rT2[0Chemical  Properties 

Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

T Other  (Please  Specify) 

7.  Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Cl>B^ 

Name:  Affiliation;  7^5  T^t  ^ f 

Address;  ¥ 

Telephone:  ^ ^ ' 

J>c\u(cff  c^eyrni^t"^ (ji.ca^ 

P^v^T  ^ a^L  C?utft^f  7^t>/s. 

<5Wc4  <1^  » 

5 ' Ce\r^mC^<.  C^ftHpose  7^^  av'^e,  T^il^ro6(<  /*fS«?*A^e/ 

f^<iSuv^  vM«rU  ^ u^C  ^ 

|Sv  \4i-cT^(  cuth*^  ^ 

|r>|fCVO  SrTY'u.t^uto^  - 

•;  ^ ^ 

V'-Cco  kP*^***^  Ccb^U^. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OB  PHENOMENON  BEING  STUDIED 


^riction  11 

/ear  12 

Lubrication  13 

Surface  Damage  14 

5 Failure  15 

6 Fretting  16 

CP  Erosion  17 

8 Adhesion  16 

Abrasion  18 

10  Fatigue  fiO 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 
Noise 
Leakage 

Other  (Please  Spe 


>Pe£fy)  _ 


VARIABLES  CONSIDERED 


Load/Pressure 
Velocity 
emperature 
nvironment 
Dist/T ime/Amp 
(j-^eometry 
7 Finish/Lay 


(Composition 


8 Structure 


^10  physical  Properties 
tT  Thermal  Properties 
clP  Chemical  Properties 
13  Other  (Please  Specify) 


TYPE  OF  MOTION 

^^Sliding 
2 Rolling 
^pfelide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

/^^Jnlubricated 

Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 


C ^3(ouT<^ 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  o e l o a t.*  l ^ O srtrxc 

Name:  J s.  s J-  uyc/t/ve/i.  Affiliation. 

Address:  ,s- f-r<€cT-  i c., ’-y  H.J.oy3'>3 

Telephone(^^,j  .V7r;cj 


h/-C  ! S H 7- 


S £■  IT  tm  e-  EJ^/^ec-r  ^ s /=  c p €,7^  7~ ^ 
f'1  a U P /I  £-L  E AS  €.  k^GPtC.A  NTs  <3  i-i  r//£  £ 


^ ^ Ai  S S 


tP  u r W G~  T«E  A}r/u/=-ACyr~cPP./E.  1-  P'  -s’  -P  a. 

TS/lS  tS  To  opTir^iZ^  t //  /r  T~  Y P 

jj  / a.  ij  T £ ^ p £.  7i  To  Jt  £_ 

\P  e uy  / U U U S £ N / &■  H > ^ 


f2^  FAC. 
0 . 


t£.  9 P Q.  Ua  S £ 

(S-o  A sj  c.  <>  /y  r /tj  ( rf  £/ 
E o p UU  S p.t  C.'  Fi  H 7~"  U J /£  P ■ 
F.r.  /./?.  AH^^YJ/S  To 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OB  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

1 Friction 

2 Wear 

(2^  Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 

10  Fatigue 

IV  Load  Capacity 

Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 

qP  Sliding 

2 Rolling 

3 Slide/Roll 
(5>  Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 

variables  considered 

LUBRICATION 

1 Load/Pressure 

2 Velocity 
Temperature 

4 Environment 

5 Dist/Time/Amp 
Geometry 

7 Finish/Lay 

^ Composition 

9 Structure 

10  Physical  Properties 

Thermal  Properties 
^2)  Chemical  Properties 

13  Other  (Please  Specify) 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
(5)  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Tribological  and  Mdssbauer  Studies  of  Ion=> Implanted  Iron  and  Steels 

Name:  Wilbur  Affiliation:  Colorado  State  University 

Address"  Engineering  Department,  CSU 

TelephonlP*^^  Collins,  CO  80523 
303/491-8564 


Heseareb  on  simple  metallurgical  systems  is  being  pursued  to  determine 
the  mechanisms  by  i^hich  ion  implantation  and  concurrent  and  post  implanta- 
tion heat  treatment  influence  the  wear  behavior  of  these  systems.  Ion 
implantation  of  boron,  carbon,  and  nitrogen  into  pure  iron,  iron  carbide 
and  into  steels  with  simple  metallurgical  microstructures  is  being  pursued. 
The  ion  implantation  is  being  carried  out  over  a range  of  current  densi- 
ties, doses  and  energies,  Ihe  primary  mlcrostruetural  characterization  of 
the  surface  modified  layers  before  and  after  wear  testing  is  being  done  in 
a nondestructive  manner  using  unusual  Mbssbauer  spectroscopy  techniques. 
Supplementary  analytical  methods  including  Auger  electron  spectroscopy,  %- 
ray  photoeleetron  spectroscopy,  and  transmission  electron  microscopy  are 
also  being  utilized,  A dramatic  increase  in  the  load  bearing  capacity  of 
stainless  steel  in  lubricated  sliding  contact  (>40  times)  has  been  Induced 
by  nitrogen  ion  implantation.  Nitrides  of  chromium  and  iron  detected  by 
line  shape  analysis  of  Auger  electron  spectrographs  have  been  found  to 
acc^pany  improved  load  bearing  capacity,  A 60%  improvement  in  the  wear 
resistance  of  01  tool  steel  has  also  been  found  to  accompany  nitrogen  ion 

iBPlanUtlon  of  ^11  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION: 

ffi  Fftclion 

Wear 

3 Lubrication 
^ Surface  Damage 

5 Failure 

6 Fretting 

7 Erosion 

8.  Adhesion 

9 Abrasion 

10  Fatigue 

1 1 Load  Capacity 

12,  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

IS.  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

@ Other  (Please  Specify) 

Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION- 

1.  Load/Pressure 

2 Velocity 

3 Temperature 

4 Environment 

5 Oist/Time/Amp 

6 Geometry 

7 Finisb/Lay 

^ Composition 

9 Structure 

Physical  Properties 

11.  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 

L Unlubricated 
@ Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specily) 

289 


^ - DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 

BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE'  of  Steel  Under  Pressure 

2,  Mueller  Matrix  Ellipsometry  of  Practical  Surfaces 
Name;  Molly  w,  williams  Affiliation: 

Address:  Mechanical  Engineering  Dept.  , Western  Michigem  University, 
Telephone:  616  -383-4021  Kalamazoo,  MI  49008 

A film  of  Fe304  forms  and  grows  on  steel  in  dry  sliding  under  both  low 
pressure  - long  sliding  distances  and  under  high  pressure  - short  sliding 
distances, 

Ellipsometry  is  a valid  technique  for  establishing  film  optical  properties 
(and  hence  identity)  and  thickness. 

Future  directions;  Mueller  matrix  ellipsometry  will  be  used  to  establish 
a base  of  information  relating  ellipsometric  parameters  to  stirface  finish 
for  a variety  of  materials  and  sxirface  finishing  techniques,  Ellipscmetry 
has  potential  as  a non— destructive  method  of  detecting  changes  in  surface 
profile  and  surface  film  composition  and  thickness. 

It  is  anticipated  that  ellipsometry  will  be  developed  into  a valuable 
technique  to  follow  the  changes  in  surface  profile  and  film  composition  that 
take  place  during  many  weair  and  friction  investigations. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

© Friction 

1 1 Load  Capacity 

Sliding 

Wear 

12.  Surface  Temperature 

2.  Rolling 

3 Lubrication 

13  Contact  Stress 

3 Slide/Roll 

Surface  Damage 

Film  Formation 

4 Impact 

5.  Failure 

l5^  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7 Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10.  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION 

© Load/Pressure 

6 Composition 

(p  Unlubricated 

2.  Velocity 

9 Structure 

2 Liquid  Lubrication 

^ Temperature 

10  Physical  Properties 

3.  Gas  Lubrication 

Q)  Environment 

1 1 Thermal  Properties 

4 Grease  Lubrication 

5.  Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Lubrication  by  Emulsions 

Name;  William  R«  Dc  Wilson  Affiliation:  Northwestern  University 

Address;  ME  Dept.,  2145  Sheridan  Rd.,  Evanston,  IL  60201 
Telephone:  (312)  491-7099 


An  analytical  study  of  the  film  forming  abilities  of  emulsions  has 
been  conducted.  The  analysis  of  lubrication  by  oil  droplet  patches 
surrounded  by  water  shows  an  influence  of  concentration  similar  to  that 
which  has  been  observed  experimentally.  Work  is  in  progress  to  build  an 
experimental  rig  to  try  to  visualize  droplet  flow  and  to  measure  film 
thickness  by  interferometry.  It  is  hoped  that  the  work  will  lead  to  a 
better  theoretical  understanding  of  lubrication  by  emulsions. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENOIM  BEING  STUDIED 


FficSion 
Wear 

rUbficatiorr 
Surtace  Damage 
Failure 
Fretting 
Erosion 
Adhesion 
Abrasion 


It  Load  Capacity 
12.  Surface  Temperature 
1^  Caataei  Stress 

^1^_Film  Formation:^ 


15 

16 
17. 
18 
19 


Oil  Analysis 

Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


VARIABLES  CONSIDERED 


Velocity 
Temperature 
Environment 

Geom^eiry 


Fmish/Lay 


Physical  Properties' 
inermai  Properties 
12  Chemical  Properties 
t-yy~Dther  (Please  SpeciiyT~^ 
Z^KjC.£-AJTr<L^T/  O*^ 


TYPE  OF  MOTION 


3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 
Other  (Klease  SpecfTyyv, 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Lubrication  in  Upsetting 

Name:  William  R.  D.  Wilson  Affiliation;  Northwestern  University 

Address;  ME  Dept.,  2145  Sheridan  Rd.,  Evanston,  IL  60201 
Telephone;  (312)  491-7099 


Experiments  are  being  conducted  using  a computer-controlled  press 
to  upset  (forge)  aluminum  bars  with  a variety  of  solid  lubricants. 

Initial  work  centered  on  the  influence  of  speed  on  film  formation  and 
friction.  Very  little  effect  of  speed  was  found.  Current  work  is 
dealing  with  the  behavior  of  layered  lubricant  films  and  some  preliminary 
theoretical  models  have  been  developed.  It  is  hoped  that  this  may  lead  to 
a better  understanding  of  lubricating  capabilities  of  lam£ilar  solids 
like  graphite  as  well  as  deliberately  created  layered  coatings. 


(Please  Circle  Ail  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


4 Surface  Damage 
5.  Failure 
6 Fretting 
7.  Erosion 
CS"  Adhesiorr^ 

9 Abrasion 
10  Fatigue 


CapacitvL^ 

12  Surface  Tem^rature 
111  Cnnffint  SirrrM^ 

^ 14  Film  FormatiofQ 

15  Oil  Analysis 

16  Life 

17.  Filtration 
16  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED: 


Load/Pressuf^ 
Velocity''-^ 


G Temperature^ 

4 Environment 

5 Dist/Time/Amti 
eometrv 


a Composition 
Cy'^tructureTb 


Hhvsical  Properti^ 

CTT  Thermal  Properties^ 
12^Cnemicai  r-ropernes 
C35!^ther  (Please  Specityl^ 


TYPE  OF  motion 


2.  Rolling 

3 Slide/Roll 

4 Impact 

5.  Reciprocating 

6.  Oscillating 
7 Other  (Please  Specify) 


LUBRICATION 

- 1.  Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 
^'ifCrrubricatiQii^ 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Lubrication  in  Strip  Drawing 

Name;  William  R.  D.  Wilson  Affiliation:  Northwestern  University 

Address;  ME  Dept..,  2145  Sheridan  Rd.,  Evanston,  IL  60201 
Telephone:  (312)  491-7099 


Experiments  are  being  conducted  to  better  understand  the  influence 
of  lubricant  film  thickness  on  friction  and  surface  roughness  in  strip 
drawing  with  flat  dies.  Wax  coatings  and  other  solid  lubricants  are 
being  used  with  the  thickness  controlled  by  varying  die  angle.  A 
dynamometer  is  used  to  measure  normal  and  tangential  die  forces.  The 
research  is  aimed  at  developing  better  models  for  friction  and  topography 
changes  in  metal  forming. 


(Please  Circle  All  Appropriate  Parameters) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Lubrication  in  Stretch  Forming 

Name;  william  R.  D.  Wilson  Affiliation:  Northwestern  University 

Address;  ME  Dept.,  2145  Sheridan  Rd.,  Evanston,  IL  60201 
Telephone;  (312)  491-7099 


Work  is  in  progress  to  develop  an  experimentally  validated  model  for 
the  thick  film  hydrodynamic  lubrication  of  axisymmetric  stretch  forming 
with  a spherical  punch.  The  work  is  intended  as  a basis  for  the  development 
of  improved  lubrication  systems^ and  frictional  models  for  process  simulation. 

The  current  model  couples  thermohydrodynamic  lubrication  theory  with  simple 
membrane  plasticity  theory.  Experimental  film  thickness  measurements  using 
optical  interferometry  have  shown  that  this  model  overestimates  film  thickness. 
Modifications  to  the  theory  to  incorporate  a better  characterization  of  plasticity 
are  in  progress. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

CTT!  FfirtiQn~!!2>  .-rr^nart  CaoacitvT) 

2.  Wear  C'T^”Suf<ace  TemperaTuTg*^ 

TYPE  OF  MOTION 

1 Sliding 

2 Rollino 

<3!!j,ubrication~:i  Contact  Slre^^ 

4 Surface  Damaae  Ftlm  Formaiio’nt 

5 Failure  15  Oil  Analysis 

6 Fretting  16  Life 

7 Erosion  17  Filtration 

Z'^a'^Adhesign")  18.  Noise 

9 Abrasion  19  Leakage 

rT' 5lirie/RolO 

4 Impact 

5 Reciprocating 

6 Oscillatmo 

CJ^Other  (Please  SoecifvT^ 

VARIABLES  CONSIDERED: 

<3!!ZLQad /Pressure-^  0 Composition 

^Lveiocitv  9 Struciure 

LUBRICATION: 

1 Unlubricated 
iT"?  Li^id  LubricatiofvD 

lemoeraiure^  C'll)  f^Ovsical  Prooerties  > 

4 Environment  Thermal  Properties'^ 

5 Disi/Time/Amo  Chemical  Hroperties 

r''6^ Geometry  ^ 13  Other  iPlease  Soet^ifvi 

7 Finish/Lay 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Lubrication  in  Metal  Rolling 


Name;  William  R.  D.  Wilson 
Address;  ME  Dept.,  2145  Sheridan  Rd. 
Telephone.  (312)  491-7099 


Affiliation:  Northwestern  University 
Evanston,  IL  60201 


Research  over  a number  of  years  has  dealt  with  the  modelling  of 
friction  and  lubrication  in  rolling  of  flat  metal  products.  Experimentally 
validated  models  for  the  thick  film  regime  which  combine  hydrodynamic, 
plasticity  and  thermal  solutions  to  predict  local  film  thickness,  pressure 
and  traction  have  been  developed.  Current  research  is  centered  on  the  mixed 
and  boundary  regimes  including  rough  surface  lubrication  and  plasticity  of 
asperity  flattening.  Experiments  are  also  in  progress  to  understand  the 
influence  of  non-newtonian  lubricant  behavior  on  film  formation. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


•I’lCtiQn 

2 Wear 

Cx_  LuDficaiion'"^ 

4 Surface  Damage 

5 Failure 

6 Fretlmg 

7 Erosion 


Lead  CapaeitvZb 
12.  Surface  TemQgratur'?*^ 
~Contact  Stress 

Film  i-ormation 

Oil  Analysis 

Life 

Filtration 
Noise 
Leakage 


VARIABLES  CONSIDERED 


3 


1 Load/Pressure 

2 Velocity 
Temperature 
Environment 
Dist/Time/Amp 
Geometry 
Finish/Lay 


6 Composition 
9.  Structure 

10  Physical  Properties 

11  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION 


V Sliding 


Impact 

Reciprocating 
Oscillating 


c*7^Qther  (Please  SpeeitiS> 


LUBRICATION 

1 Unlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 


295 


DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Thermal  Effects  in  Hydrodynamic  Bearings 

Name;  WllUam  R.  D.  WlUon  AHiliation:  Northwestern  University 

Address:  ME  Dept.,  2145  Sheridan  Rd.,  Ecanston,  IL  60201 
Telephone:  (312)  491-7099 


An  analytical  study  is  aimed  at  understanding  the  interplay  of 
the  different  modes  of  heat  transfer  in  liquid  lubricated  bearings. 

The  work  is  intended  to  provide  a basis  for  understanding  and  a framework 
for  comparing  the  results  of  various  thermohydrodynamic  numerical  analyses 
of  bearing  performance. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  SEING  STUDIED: 


2.  m 

ctS 


Friction 

ISOL. 


lubficatiOfT^ 


.n5uiftarp  Temperature 
Contact  Slrnss 


Surface  Damage 

tf'ra^Film  Formalloi 

Failure 

15. 

Uii  Analysis 

Fretting 

16 

Life 

Erosion 

17 

Filtration 

Adhesion 

18 

Noise 

Abrasion 

19 

Leakage 

Fatigue 

20 

Other  (Please 

VARIABLES  CONSIDERED: 


ymperature 
Environmant 
_OislZIjffifi/Amp 
Geometry 
^inisl 


Composition 
Stn 

Physical  Proper!Te?~^ 

Thermal  Properties~~~'b 

Chemical  Properties 

Other  (Please  Specify) 


TYPE  OF  MOTION: 

.Sliding 

2.  Rolling 

3.  Slide/Rolt 

4.  Impact 

5 Reciprocating 

6.  Oscillating 

7.  Other  (Please  Specify) 


LUBRICATION: 


1.  Unlubricated 


i<2~l.iQuid  Lubricatiorrs 

3.  Gas  Lubrication 

4.  Grease  Lubrication 

5.  Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Corrosion  Wear  in  Rotary  Engines 


Name;  R.  Ted  Wimber 
Address;  3300  River  Drive 
Telephone;  Woline,  IL  61265 


Affiliation:  Deere  & Company 

Technical  Center 


Program  will  characterize  corrosive  environment  in  rotary  engines  and 
result  in  a test  for  evaluating  candidate  materials  for  rotor 
housing  and  apex  seals. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

Q Friction 

11 

Load  Capacity 

/^Sliding 

Wear 

12. 

Surface  Temperature 

Rolling 

3 Lubrication 

13 

Contact  Stress 

3 Slide/Roll 

4 Surface  Damage 

14 

Film  Formation 

4 Impact 

5 ^allure 

15 

Oil  Analysis 

5 Reciprocating 

6 Fretting 

16 

Life 

6 Oscillating 

7 Erosion 

17 

Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

Lir'Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

TTv  Load/Pressure 

)Composition 

1 Unlubncated 

<X5Velocity 

Structure 

^/^  Liquid  Lubrication 

Z'  3 ^Temperature 

Physical  Properties 

"3  Gas  Lubrication 

Environment 

f 1 3-' 

Thermal  Properties 

4 Grease  Lubrication 

/^S^ist /Time/ Amp 

Chemical  Properties 

5 Solid  Lubrication 

-Geometry 

13 

Other  (Please  Specify) 

6 Other  (Please  Specify) 

^ jFinish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE: 

Name:  ^ 

i.yr/3 


Affiliation:  AmocO  OIL  co. 


/tyVlk0)  A ^ 

Jy^  ^k^nAy  ^ ^ /^LaL^(AAkf^  AcAa 

Ak  y^  AjfA' 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION:  I 

d-^Frietion 

1 1 Load  Capacity 

^ Sliding 

(?)  Wear 

12.  Surface  Temperature 

Rolling 

^ Lubrication 

13.  Contact  Stress 

X Slide/Roll 

4 Surface  Damage 

14.  Film  Formation 

4.  Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

fC)  Oscillating 

7 Erosion 

17  Filtration 

7.  Other  (Please  Specify) 

8.  Adhesion 

18.  Noise 

9.  Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED: 

LUBRICATION: 

/^Load/Pressure 

8 Composition 

1.  Unlubricated 

'"2^elocity 

9 Structure 

Liquid  Lubrication 

(^temperature 

10.  Physical  Properties 

3 Gas  Lubrication 

Environment 

11  Thermal  Properties 

4.  Grease  Lubrication 

5.  Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Cavitation  Erosion  Research 

Name:  Eir.  W„Z.  Ben  Wu  Affiliation:  University  of  Missouri-Rolla 

Address:  of  Engineering  Mechanics 

Teiephone^^^''^®^®^'*'^  Missouri,  Holla,  Missouri,  65401 
■ (314)  341-4313 


The  problems  of  cavitation  erosion  in  fluid  systems  are  pervasive.  Because  of 
the  need  to  determine  which  materials  are  the  best  to  use  in  these  circumstances, 
at  the  present  time  committee  G2,  Erosion  and  Wear,  of  ASTM  has  set  up  a cavitation 
test  task  group  to  pursue  this  matter.  Ihe  state-of-the-art  paper  survey  In  the 
related  field  has  been  done  extensively.  A vacuum  nozzle  for  enhancing  the 
cavitation  erosion  of  a high  pressure  water jet  has  been  developed  and  analyzed. 

The  standard  ASTM  vibration  horn  and  the  Llchtarowicz  cell  test  method  are 
being  proposed  for  a series  of  inter-laboratory  tests  (a  round  robin) . The 
fundamental  investigation  on  the  cavitation  erosion  mechanism  is  being  carried  out. 
The  basic  knowledge  obtained  could  be  applied  to  enhance  the  water jet  cutting 
and  cleaning  technology  or  to  the  protection  of  cavitation  damage  for  metallic, 
ceramic, and  composite  materials. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


TYPE  OF  MOTION 


1.  Friction 
Wear 

3 Lubrication 

4 Surface  Damage 

5 Failure 
6.  Fretting 

Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


1 1 Load  Capacity 

12  Surface  Temperature 

13.  Contact  Stress 

14.  Film  Formation 

15  Oil  Analysis 

16  Lifr 

17  Filtration 

18  Noise 

19  Leakage 

20.  Other  (Please  Specify) 


1 Sliding 

2 Rolling 

3.  Slide/Roll 
^C^mpact 
5 Reciprocating 
Oscillating 

7.  Other  (Please  Specify) 


VARIABLES  CONSIDERED. 


LUBRICATION 


O^Load/ Pressure 
Velocity 

rTO  Temperature 
Environment 

5 Dist/Time/Amp 

6 Geometry 

7 Finish/Lay 


8 Composition 

9 Structure 
(TTT^Physical  Properties 

1 1 Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


1.  Uhlubricated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach 

recent  findings  and  future  directions. 

PROJECT  TITLE; 

Name:  Mark  P.  Wolverton  Affiliation:  lNP  Engineering  Plastics 

Address:  412  King  Street,  Malvern,  PA  19355 
Telephone:  215-644-5200 


I am  conducting  an  ongoing  program  investigating  the  friction,  wear  and  LPV 
properties  of  thermoplastic  composites.  The  primary  test  method  is  the  thrust 
washer  using  steel,  plastic  composite,  and  other  metallic  counterfaces.  The  full 
journal  bearing  test  is  used  for  LPV  data.  Data  are  collected  at  40  psi 
and  50  fpm  at  temperatures  up  to  500°F.  A copy  of  our  current,  published 
data  is  enclosed. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 

TYPE  OF  MOTION: 

GD  Friction 

11  Load  Capacity 

^Dsiiding 

® Wear 

12.  Surface  Temperature 

2.  Rolling 

3.  Lubrication 

13.  Contact  Stress 

3 Slide/Roll 

4 Surface  Damage 

14.  Film  Formation 

4 Impact 

5 Failure 

15.  Oil  Analysis 

5 Reciprocating 

6.  Fretting 

16.  Life 

6 Oscillating 

7 Erosion 

17.  Filtration 

7.  Other  (Please  Specify) 

8 Adhesion 

18.  Noise 

9.  Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

variables  CONSIDERED: 

LUBRICATION: 

d)  Load/Pressure 

(g!)  Composition 

(£)  Unlubricated 

(2)  Velocity 

9 Structure 

2.  Liquid  Lubrication 

© Temperature 

10  Physical  Properties 

3.  Gas  Lubrication 

4 Environment 

1 1 Thermal  Properties 

4,  Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

6 Geometry 

13.  Other  (Please  Specify) 

(s','  Other  (Please  Specify) 

7 Fimsh/Lay 

— Luo,'ir-(\|, 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE: 

Name:  Roger  N«  Wright  Affiliation;  Rensselaer  Polytechnic  Institute 

Address:  Materials  Engineering  Dept.,  Materials  Research  Center,  Troy,  NY  12180“3590 
Telephone:  (518)266-6373 


A research  program  entitled  "Tool-workpiece  Interactions  Under  Sheet  Forming 
Conditions"  is  currently  underway.  It  involves  the  development  and  testing  of  a 
die  friction  simulator.  The  simulator  is  being  used  to  study  pressure- friction- 
lubricant-surface  quality  interactions  in  drawing  quality  steels  and  coated 
steels.  Tooling  surface  quality  effects  will  be  evaluated  as  well.  This  work 
is  sponsored  by  General  Motors. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

M Friction 

11 

Load  Capacity 

d": 

Sliding 

Wear 

^z 

Surface  Temperature 

2 

Rolling 

Lubrication 

& 

Contact  Stress 

3 

Shde/Roll 

Surtace  Damage 

14 

Film  Formation 

4 

Impact 

5 Failure 

15 

Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16 

Life 

6 

Oscillating 

7 Erosion 

17 

Filtration 

7 

Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

' Load/Pressure 

8 

Composition 

r'  1 

Unlubricated 

2.  Velocity 

9 

Structure 

Liquid  Lubrication 

3 Temperature 

10 

Physical  Properties 

3 

Gas  Lubrication 

4 Environment 

1 1 

Thermal  Properties 

4 

Grease  Lubrication 

5 Dist.'Time/ Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

'7  Fmish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 


PROJECT  TITLE;  "A  Study  of  Lubricant  Rheology  at  High  Pressures,  Temperatures 
and  Shear  Rates” 


Name;  C.  S.  Peter  Wu 
Address; 

Telephone; 


Affiliation;  Tribology  Research  Program 
the  Dept,  of  Chemical  Engineering 
The  Pennsylvania  State  University 


Principal  Investigators:  E.  E.  Klaus  and  J.  L 


A high-shear  capillary  viscometer  and  associated  data  analysis  procedures 
have  been  developed  to  measure  the  non-Newtonian  behavior  of  polymer-containing 
lubricants  at  elevated  temperatures  and  shear  rates.  This  experimental  technique 
is  now  being  used  to  explore  the  combined  effects  of  high  pressure,  temperature, 
and  shear  rate  on  viscosity  behavior  of  VI  improved  lubricants.  By  combining 
data  obtained  over  a range  of  temperature , .polymer  concentration,  and  base  oil 
viscosity,  the  viscosity  of  polymer  solutions  at  the  high  temperatures,  pressures 
and  shear  rates  realized  in  bearings  can  be  predicted. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 


^ Friction 
T Wear 

Lubrication 

4.  Surface  Damage 

5.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 

9 Abrasion 
10.  Fatigue 


11 

12. 

13. 

14 

15 

16 

17 

18 

19 

20 


variables  CONSIDERED 


• Load/Pressure 
) Velocity 
)TemDerature 
Environment 
Disi/Time/Amp 
Geometry 
Finish/Lay 


Load  Capacity 
Surface  Temperature 
Contact  Stress 
Film  Formation 
Oil  Analysis 
Life 

Filtration 

Noise 

Leakage 

Other  (Please  Specify) 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


1 Sliding 

2.  Rolling 

3.  Slide/Roil 

4 Impact 

5 Reciprocating 

6 Oscillating 
@ Othec (Please  Specify^ 


LUBRICATION 

1 Unlubricated 
(2* *^ Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6 Other  (Please  Specify) 


in 

at 


. Duda 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  "Formation  of  Lubricating  Films  by  Vapor  Deposition  at  Elevated 
Temperatures" 

Name:  Christopher  Hsu  Affiliation:  Tribology  Research  Program  in 

Address;  Fenske  Laboratory,  Univ.  Pk.  the  Dept,  of  Chemical  Engineering  at 
Telephone'  865=2574  The  Pennsylvania  State  University 

Principal  Investigators;  E.  E.  Klaus  and  J.  L.  Duda 


This  project  involves  the  study  of  the  formation  of  lubricating  films  at 
elevated  temperatures  (up  to  1000°C)  by  vapor  deposition  on  a hot  surface.  The 
objectives  are  to  determine  the  properties  of  the  film  and  the  mechanisms  which 
control  film  formation « 

Results  show  that  the  rate  of  film  formation  is  very  sensitive  to  the 
composition  of  the  substrate  material  in  addition  to  the  influence  of  tempera- 
ture, lubricant  concentration,  and  the  chemistry  of  the  lubricant  vapor.  Several 
surface  analysis  techniques  are  being  used  to  determine  the  composition  of  the 
films  and  various  lubricants  are  being  tested  in  order  to  determine  the 
relationship  between  lubricant  chemistry  and  film  composition. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

1 Friction 

11 

Load  Capacity 

® Sliding 

Wear 

12. 

Surface  Temperature 

2 

Rolling 

Lubrication 

13 

Contact  Stress 

3 

Slide/Roil 

4 Surface  Damage 

14 

Film  Formation 

4 

Impact 

5 Failure 

IS 

Oil  Analysis 

5 

Reciprocating 

6 Fretting 

16 

Life 

6 

Oscillating 

7 Erosion 

17 

Filtration 

7 

Other  (Please  Specify) 

8 Adhesion 

18 

Noise 

9 Abrasion 

19 

Leakage 

10  Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

Load/Pressure 

8 

Composition 

1. 

Unlubricated 

2 Velocity 

9 

Structure 

Liquid  Lubrication 

Temperature 

10 

Physical  Properties 

'Gas  Lubrication 

/T)  Environment 

Thermal  Properties 

4. 

Grease  Lubrication 

5 Oist/Time/Amp 

Chemical  Properties 

5, 

Solid  Lubrication 

6 Geometry 

13. 

Other  (Please  Specify) 

6. 

Other  (Please  Specify) 

7 Fmish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  "Influence  of  Additive  Molecular  Structure  on  Lubricant  Oxidation 

Name:  Joe  Mutter  Affiliation;  Tribology  Research  Program  in 

Address:  Fenske  Lab,  Univ.  Park,  PA  the  Dept,  of  Chemical  Engineering  at 

Telephone:  (S14)  865-2574  The  Pennsylvania  State  University 

Principal  Investigators:  E.  E.  Klaus  and  J.  L. 


The  Penn  State  microoxidation  test  is  being  used  to  study  the  influence  of 
additive  molecular  structure  on  the  oxidation  of  engine  lubricants  and  industrial 
lubricants.  The  influence  of  additive  structure  on  the  rate  of  primary  oxidation, 
the  fonnation  of  high  molecular  weight  oxidative  products,  evaporation,  and 
deposits  is  being  investigated. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


1.  Friction 

2 Wear 

3 Lubrication 

4.  Surface  Damage 
© Failure 
6 Fretting 
7.  Erosion 

8 Adhesion 

9 Abrasion 
10  Fatigue 


1J.  Load  Capacity 
^^Surface  Temperature 
3T  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Life 

17  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 


Load/Pressure 
Velocity 
)Temperature 
^Environment 
Dist/T  ime/Amp 
Geometry 
Finish/Lay 


Composition 

Structure 

Physical  Properties 
Thermal  Properties 
Chemical  Properties 
Other  (Please  Specify) 


TYPE  OF  MOTION 

^ Sliding 
2.  Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

/pother  (PJease  Specify) 


LUBRICATION 

1 Unlubricated 
(^Liquid  Lubrication 

3 Gas  Lubrication 

4 Grease  Lubrication 

5 Solid  Lubrication 

6.  Other  (Please  Specify) 


Dud  a 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 


PROJECT  TITLE:  "Low-Temperature  Oxidative 
Name:  Tim  Dincher 

Address: Psriske  Labo,  UniVo  Park,  PA 
Telephone:  C814)  865-2574 

Principal 


Behavior  of  Lubricants" 

Affiliation:  Research  Program  in 

the  Depto  of  Chemical  Engineering  at 
The  Pennsylvania  State  University 

Investigators;  E.  E.  Klaus  and  J.  L.  Duda 


The  goal  of  this  project  is  to  evaluate  the  oxidative  and  thermal  stability 
of  lubricants  with  various  contaminants  found  in  a typical  internal  combustion 
engine,  and  compare  the  results  with  engine  tests  that  simulate  city  driving. 

The  ultimate  objective  is  to  find  a correlation  between  engine  tests  and  a 
laboratory  oxidation  test  which  is  based  on  a modification  of  the  Penn  State 
microoxidation  test.  A pressurized  version  of  the  Penn  State  microoxidation 
reactor  is  being  used  to  evaluate  the  oxidative  behavior  of  various  lubricants 
in  contact  with  water,  soluble  metals,  and  oxidized  gasoline  blow-by  products. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 


type  of  motion 


1.  Friction 
2 Wear 

fLu&rieatior^ 

Surface  Damage 


S.  Failure 

6 Fretting 

7 Erosion 

8 Adhesion 
§ Abrasion 

10.  Fatigue 


Load  Caoacity 
Surface  Temperature 
Contact  Stress 


14  Film  Formation 
© Oil  Analysis 

16  Life 

17  Filtration 


18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 


^Sliding 

2.  Rolling 

3.  Siide/Roil 
4 impact 

5.  Reciprocating 
6 Oscillating 

^OtherjPiease  Specify) 


lubrication 


1. 

2 


5 

6 

7 


Lead/Pressure 

Velocity 

Temperature 

Environmeni 

OiSt/Time/Amp 

Geometry 

Finisn^Lav 


8 Composition 

9 Structure 

§ Physical  Properties 
Thermal  Properties 
Chemical  Properties 
13.  Other  (Please  Soecifwi 


Unlubricaied 
Liquid  Lubrication 
Gas  Lubrication 
Grease  Lubrication 
Sol'd  I - 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 


Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions, 

PROJECT  TITLE;  "A  Study  of  for  Formulation  and  Complex  Rheology  of  Greases 
and  Grease-Based  Sealants” 

Name-  V.  Zarkalis  AffiliationTribology  Research  Program  in 

Address:  Penske  Ub.,  Univ.  Park,  PA  “"P''  f Chemical  Engineering  at 

Telephone:  (SU)  865-2574  Pennsylvania  State  University 

Principal  Investigators:  E.  E.  Klaus  and  J,  L, 


The  complex  rheology  of  greases  and  sealants  is  measured  using  a mechanical 
spectrometer  (sophisticated  common  plate  viscometer)  and  a mini  rotor  viscometer 
(a  coaxial  cylinder  viscometer) . The  study  of  commercial  greases  and  greases 
modified  by  different  formulations  and  fillers  indicates  that  the  viscosity-shear 
rate  behavior  can  be  represented  by  a power  law  model.  Furthermore,  there  are 
clear  indications  of  thixotropic  behavior  and  hysteresis  phenomena.  Techniques 
have  been  developed  so  that  conventional  greases  can  be  modified  by  changing  the 
structure  of  the  grease  and  by  incorporating  fillers  such  as  polyethylene, 
polyisobutylene,  silica,  etc. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED. 

TYPE  OF  MOTION 

1.  Friction 

11.  Load  Capacity 

^)Sliding 

2.  Wear 

12.  Surface  Temperature 

2^  Rolling 

(^LuOrication 

13  Contact  Stress 

3.  Slide/Roll 

Surface  Damage 

04^Film  Formation 

4.  Impact 

5.  Failure 

I'S  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7.  Erosion 

17.  Filtration 

7,  Other  (Please  Specify) 

8.  Adhesion 

18  Noise 

9 Abrasion 

19  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1.  Load/Pressure 

8 Composition 

1.  Unlubricated 

2 Velocity 

9 ^ Structure 

2 Liquid  Lubrication 

3 Temperature 

^^fojPhvsicai  Properties 

3,.^Gas  Lubrication 

4 Environment 

n 1 ^Thermal  Properties 

^^)Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

5 Solid  Lubrication 

^)Geometry 

13  Other  (Please  Specify) 

6.  Other  (Please  Specify) 

r Fmish/Lay 

Dud 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE;  Contact  Stress  Analysis  of  Polymeric  Subsurfaces  for  Wear  Applications 

Name;  Jae  Youn  Affiliation:  University  of  South  Carolina 

Address:  Dept,  of  Mechanical  Engineering;  Columbia,  SC  29208 
Telephone:  (803)  777-7147 


Polymeric  subsurfaces  are  modelled  as  three  different  materials  depending 
upon  the  mechanical  properties;  (1)  homogeneous  material  , (2)  homogeneous 
material  with  a soft  surface  layer,  and  (3)  homogeneous  material  with  a hard 
surface  layer.  The  first  material  represents  ordinary  thermoplastics  and 
thermosetts  and  gamma-irradiated  polymers.  The  second  material  represents 
highly  linear  polymers  whose  surface  layers  are  weaker  than  the  bulk.  The 
third  material  represents  low  temperature  gas  plasma  treated  thermoplastics 
with  a thin  crosslinked  surface  layer.  A finite  element  method  is  employed 
to  investigate  the  stress  and  stain  distributions  in  the  subsurfaces  under 
normal  and  tangential  loading.  Elastic  and  elastic-plastic  analyses  have 
been  accomplished  successfully  to  identify  the  maximum  shear  stress  and  strain 
region.  Especially  the  equivalent  strain  distribution  obtained  by  the  elastic- 
plastic  analysis  can  tell  the  possible  failure  region  in  the  subsurface.  The 
different  wear  behavior  of  polymers,  e.g.,  thin  film  or  thick  wear  debris 
transfer,  can  be  explained  by  the  stress  and  strain  distribution. 

Contact  stress  distribution  in  an  elastic-plastic  subsurface  under  cyclic 
loading  will  be  investigated  in  the  future.  The  wear  film  formation  due  to 
failure  will  be  illustrated  by  the  investigation.  Wear  mechanism  of  fiber 
composite  materials  will  also  be  investigated  by  analyzing  stress  distribution 
in  the  matrix  and  the  fibers  under  applied  traction.  The  fiber  fracture  processes 
will  be  studied  to  explain  the  effect  of  fiber  orientation  on  fiber  damage 
in  the  composites  during  sliding  wear. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED; 

TYPE  OF  MOTION 

^ Friction 

11  Load  Capacity 

Sliding 

Q)  Wear 

12  Surface  Temperature 

2 Rolling 

3 Lubrication 

Contact  Stress 

3 Slide/Roll 

^ Surface  Damage 

14  Film  Formation 

4 Impact 

5 Failure 

15  Oil  Analysis 

5 Reciprocating 

6 Fretting 

16  Life 

6 Oscillating 

7 Erosion 

17  Filtration 

7 Other  (Please  Specify) 

8 Adhesion 

18  Noise 

9 Abrasion 

IS  Leakage 

10  Fatigue 

20  Other  (Please  Specify) 

variables  CONSIDERED 

LUBRICATION 

^ Load/Pressure 

^ Composition 

Cj^  Unlubricated 

(Z'  Velocity 

9 Structure 

2 Liquid  Lubrication 

3 Temperature 

Physical  Properties 

3 Gas  Lubrication 

4 Environment 

11  Thermal  Properties 

4 Grease  Lubrication 

5 Dist/Time/Amp 

12  Chemical  Properties 

Solid  Lubrication 

6 Geometry 

13  Other  (Please  Specify) 

6 Other  (Please  Specify) 

7 Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  o-P-  (V\e.-\'cx\vv»o-k.*^^ 


Name;  "ZcIai'o 

Address;  l\oe>-r 
Telephone;  ^O^^/tSSZ- 


Affiliation:  '3'ci  ^ — 


P^oiecT  TtTi.£. 


of-  Types 

rAc.isu.fec+Ur-I /\2 


jZ-D-SECr  TITUEI 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED 

TYPE  OF  MOTION 

1 

Friction 

11. 

Load  Capacity 

1 

Sliding 

2 

Wear 

12. 

Surface  Temperature 

2 

Rolling 

Lubrication 

13. 

Contact  Stress 

3. 

Slide/Roll 

4 

Surface  Damage 

14 

Film  Formation 

4 

Impact 

5 

Failure 

Oil  Analysis 

5 

Reciprocating 

6 

Fretting 

Q6J 

Life 

6 

Oscillating 

7 

Erosion 

(2) 

Filtration 

7 

Other  (Please  Specify) 

8 

Adhesion 

18 

Noise 

9 

Abrasion 

19 

Leakage 

10 

Fatigue 

20 

Other  (Please  Specify) 

VARIABLES  CONSIDERED 

LUBRICATION 

1 

Load/Pressure 

8 

Composition 

1 

Unlubricated 

2 

Velocity 

9 

Structure 

2 

Liquid  Lubrication 

3 

Temperature 

10 

Physical  Properties 

3 

Gas  Lubrication 

4 

Environment 

1 1 

Thermal  Properties 

4 

Grease  Lubrication 

5 

Dist/Time/ Amp 

12 

Chemical  Properties 

5 

Solid  Lubrication 

6 

Geometry 

13 

Other  (Please  Specify) 

6 

Other  (Please  Specify) 

7 

Finish/Lay 
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DESCRIPTION  AND  CLASSIFICATION  OF  SPECIFIC 
BASIC/APPLIED  RESEARCH 

Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach, 

recent  findings  and  future  directions. 

PROJECT  TITLE;  In-situ  Solid  Lubrication  via  Surface  Segregation 

Name:  Zwy  Eliezer  Affiliation;  The  Department  of  Mechanical  Enginee 

Address; Dept o of  Mechanical  Eng.  irig  ^nd  The  Center  for  Materials  Science  and 

Telephone:  The  Univ.  of  Texas  at  Austin  Engineering, 

Austin,  TX  78712  The  University  of  Texas  at  Austin 

(512)  471-3186 

Preliminary  work  performed  in  our  laboratories  unequivocally  demonstrated  the 
possibility  of  using  surface  segregation  as  a vehicle  for  the  formation  of  an  in-situ, 
inexhaustable  solid  fiJ^te  lubricant. 

Current  work  is  aimed  at  extending  the  range  of  speed,  load,  and  environmental 
conditions  under  which  such  a beneficial  effect  can  be  obtained.  This  stage  of  the 
project  is  concerned  with  the  evaluation  of  certain  elements  in  groups  IV,  V,  and  VI 
of  the  periodic  table  which,  because  of  their  tendency  to  reduce  grain  boundary  cohesive 
energy,  may  promote  solid  lubrication  by  segregating  to  the  surface  during  sliding. 


(Please  Circle  All  Appropriate  Parameters) 


PROCESS  OR  PHENOMENON  BEING  STUDIED: 


J Friction 
^ Wear 

Lubrication 

4 Surface  Damage 

5 Failure 

6 Fretting 
i.  Erosion 

Adhesion 
9^  Abrasion 
10  Fatigue 


11.  Load  Capacity 

12  Surface  Temperature 

13  Contact  Stress 

14  Film  Formation 

15  Oil  Analysis 

16  Lite 

17.  Filtration 

18  Noise 

19  Leakage 

20  Other  (Please  Specify) 


VARIABLES  CONSIDERED 

r 

Load/Pressure 
Velocity 

L3,  Temperature 
Environment 
<5  Dist'Time/Amp 

6 Geometry 

7 Finish/Lay 


(§.)  Composition 
Structure 

Physical  Properties 
11.  Thermal  Properties 

12  Chemical  Properties 

13  Other  (Please  Specify) 


TYPE  OF  MOTION; 

(t  ^Sliding 

2 Rolling 

3 Slide/Roll 

4 Impact 

5 Reciprocating 

6 Oscillating 

7 Other  (Please  Specify) 


LUBRICATION 

(l^,  Unlubncated 

2 Liquid  Lubrication 

3 Gas  Lubrication 

4.  Grease  Lubrication 
[5.  Solid  Lubrication 
6 Other  (Please  Specify) 
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recent  findings  and  future  directions. 


PROJECT  TITLE:  Wear  of  Metallic  Coatings 

National  Bureau 

Klamo*  A.W.  Ruff  — Affilifltinn-  Of  Standards 


Name: 

Address: 

Telephone: 


f.  Kuir  ■ Affiliation: 

B266/Materials  Bldg.,  Gaithersburg,  MD  20899 
(301)  975-6010 


National  Bureau 
of  Standards 


This  project  involves  basic  research  into  the  properties  of 
metallic  coatings  that  determine  their  sliding  wear  performance. 
Typical  coatings  range  from  electron  beam  surface  melted  layers 
on  iron  alloys  and  on  copper  alloys,  to  electrodeposited  alloy 
coatings  on  steel  substrates.  Sliding  wear  tests  are  conducted- 
under  different  conditions  of  load,  speed,  and  contact  geometry; 
tests  are  done  both  unlubricated  and  lubricated.  Self -mated 
tests  and  tests  of  the  coatings  sliding  against  bearing  steels 
are  done.  Data  recovered  during  the  test  period  include  • 
instantaneous  friction,  wear  (from  displacement  gauges),  and 
temperature.  Post  test  examination  utilizes  optical  and  electron 
metallography  methods,  to  determine  coating  adherence  to  the 
substrate,  and  the  nature  of  damage  during  wear.  X-ray  emission 
analysis  in  the  SEM  determines  the  composition  of  solid,  built-up 
films.  Surface  profiling  is  used  to  measure  the  wear  volume. 
Results  are  correlated  with  coating  structure  and  composition. 


(Please  Circle  All  Appropriate  Parameters) 


TYPE  OF  MOTION: 


IT,  Filtration 

18,  Nois« 

19.  Leakage 

26  Other  (Please  SpeeWy) 


° 4,  Impact 

5.  Rel^procating 

6.  Oscillating 

To  Other  (Please  Spedtyl 


VARIABLES  CONSIDERED; 


LUBRICATION: 


7.  Ftnish/Lay 
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Please  type  all  information  and  provide  a brief  summary  of  project  goals,  methods  of  approach. 

recent  findings  and  future  directions. 

PROJECT  TITLE:  Wear  Test  Methods  and  Standards 

Name:  Affiliation:  National  Bureau  of  Standards 

Address:  B266/Materials  Bldg.,  Gaithersburg , *MD  20899 

Telephone:  (301)  975-6010 


This  project  develops  improved  measurement  and  test  methods  for 
friction  and  wear  studies.  Where  appropriate,  standard  methods 
are  developed,  including  standard  reference  materials.  The  aim 
of  the  work  is  to  improve  the  reproducib (lity  of  existing  test 
methods,  or  if  necessary  to  develop  new  methods  for  conducting 
laboratory,  bench- type  tests.  All  of  the  standards  work  is  done 
jointly  with  U.S.  or  international  groups,  where  many  other 
laboratories  are  involved  and  have  significant  roles  in  the 
process,  I't  is  desirable  that  the  wear  tests  are  simple  in 
configuration  and  in  specimen  requirements,  and  that  the  f€jst 
systems  are  well  characterized  in  mechanical  response.  Within- 
laboratory  and  between- laboratory  comparisons  are  used  to  assess 
the  basic  reproduct bi/ity  of  the  test  method.  Since  its  inception 
the  project  has  contributed  significantly  to  the  development  of  4 
U.S.  standards,  1 reference  material,  and  1 international 
standard. 


% 


(Please  Circle  All  Appropriate  Parameters) 
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